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CHAPTER I 
INTRODUCTION 
The products of domesticated animals are devoted to the use of the human 
race and it is of great importance that the supply of these products should be 
maintained. Therefore, it is the function of the breeder to keep pace with the 
increasing demands of the human population by keeping a sufficient number of 
animals with high physical and functional standards. 
The rate of increase in all animal populations largely depends on the repro-
ductive efficiencies of both sexes under the prevailing conditions. These repro-
ductive efficiencies include female and male fecundities, the number of breeding 
seasons per year, the number of offspring per parturition (litter size), the 
mothering ability of the female and the length of the reproductive life of both 
sexes. 
Although it is generally well known that high fertility is a desirable character 
in farm animals, it is.an economic question to decide the most profitable litter 
size. For instance, sheep breeders differ in their ideas in this respect according to 
the type of sheep raising they practice. In areas where feeds are not sufficient for 
satisfactory lamb production, the emphasis will be on the maintenance of flocks 
for the production of fine grades of wool with lamb raising as a secondary 
product. In such a case the production of multiple births is of minor importance 
or may even be undesirable. On the other hand, in areas where intensive farming 
is possible, much stress is placed on lamb production, and in such a case sheep 
breeders have two alternatives: they may either direct their selection towards 
multiple births with less vigorous lambs or towards single birth with fully 
developed lambs. However, in most cases the breeding for multiple births is in 
the long run much more profitable, as the differences in weight between singles 
and twins at the market age would be small compared with the total weight of 
lambs for sale. 
Sheep fertility is the main concern of this study. In dealing with such a topic 
one can discern a general lack of uniformity when using such terms as fertility 
and fecundity, and even these terms are often used interchangeably. Therefore, 
it is worth while to refer here to the definitions given by PEARL and SURFACE 
(1909). Fecundity in the female may be: 
a. Potential: the sum total of ova capable of being produced by the ovary. 
b. Actual: the ova actually matured and discharged. 
c. Observed: the sum total of ova of which there is visible evidence, as by the 
production of youngs in mammals. 
Fertility: the total actual reproductive capacity of a female and male, as 
expressed by their ability when mated together to produce individual offspring. 
In mammals, the potential and actual fecundities are difficult to estimate. 
Moreover, the observed fecundity as above defined is practically the same as 
fertility. Therefore, it is justified when dealing with mammals to replace the 
term fecundity by fertility. 
Fertility figures have been calculated in different ways, as follows: ewes 
lambed per ewes put to ram, lambs born per ewe put to ram, lambs born per 
ewes lambed, lambs docked per ewes put to ram, lambs docked per ewes 
lambed, multiple births per ewes put to ram and multiple births per ewes 
lambed. Expressing fertility in such different ways results in figures which may 
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differ from each other by as much as 30%. Fertility is best expressed as the 
number of multiple births per ewe lambed (GOOT, 1951). In this study, fertility 
is expressed as the number of lambs born per ewe lambed, and as lambs 
survived per ewe lambed. 
Fertility is a biological phenomenon which is controlled by a complex 
mechanism and bordered by hereditary limits. The function of this mechanism 
is to prepare the ground and to provide the means for the achievement of 
favourable conditions for the series of physiological processes involved in the 
expression of fertility. One should not think of fertility as a phenomenon which 
is only reached at a certain stage of life and without being earlier affected, on 
the contrary it is a chain of processes which should be accomplished in an 
optimal manner in order to reach a normal level. Therefore, it is to be expected 
that fertility could be affected through all the stages of animal life, and any 
period of unfavourable conditions may upset the function of the mechanism 
controlling fertility. 
In planning to improve such a character as fertility or any other economically 
important character, variation which exists between animals in their expression 
to these traits is the material available to the breeder in directing his population 
to his goals. But the causes of variation in animals are not always, if ever, the 
same. Animals vary because they have different genetic constitutions and 
because they are exposed to different environmental conditions. If we push up 
the environmental level of an animal we reach a ceiling of production fixed by 
inherited capabilities. This means that the phenotypic expression of any trait 
is determined by both heredity and environment, and to achieve the maximum 
expression of a character, certain genetic and environmental conditions should 
be fulfilled. 
Early in this century, various studies were carried out to produce evidence 
that the expression of economically important traits in farm animals depends 
to a certain extent on heredity. The aim of some of these studies was to find out 
whether simple mendelism is the case when dealing with the inheritance of such 
characters. These studies showed that such traits are inherited in a multi-
factorial manner and are often subjected to substantial modifications by the 
environment. In the studies of sheep genetics, up to 1935 only the total pheno-
typic correlation between relatives was calculated (cited by RAE, 1956) and no 
attempt was made to sub-divide such gross correlation into its components, i.e. 
the portion caused by heredity and that attributed to the environmental complex. 
Later on, with the advance of research, the application of more refined statistical 
tools and the development of population genetics, the real progress in estimating 
the fraction of the observed variance which is due to differences in heredity was 
achieved. This hereditary fraction of the observed variance corresponds to the 
heritability estimate in the broad sense as defined by LUSH (1940). 
The aim of this investigation was to study some factors affecting the repro-
ductive efficiency of the Texel sheep breed as expressed by the number of lambs 
born per ewe lambed and by the number of survived lambs till the time of 
inspection (within 2 months from birth) per ewe lambed. To know to what 
extent fertility in Texel sheep is heritable, heritability estimate of this trait was 
computed. Heritability estimates of different traits are useful to the breeder 
when choosing the most effective breeding plan which serves his purpose, in 
predicting how rapid progress can be made in selecting for a trait and in deciding 
how much emphasis should be placed on different traits. The purpose of this 
Meded. Landbouwhogeschool, Wageningen 60 (3), 1-61 (1960) 3 
study was also to throw light on some non-hereditary factors governing the 
fertility of this breed of sheep. An attempt has been made to give satisfactory 
answers to many questions of practical importance in sheep husbandry in the 
Netherlands. The importance of knowing the influence of age of ewes on their 
lambing abilities is not to be denied in farm management practice, especially 
when estimating the replacement rate in a flock. Moreover, this point is of major 
economic importance to the more specialized sheep farms like those in Texel 
Island in predicting the profits from a flock for many years to come. For the 
sheep breeders it is also of interest to know the most favourable age to breed 
their ewes for the first time. This study will also cover the effect of the different 
lambing years on the fertility of the ewes. 
CHAPTER II 
REVIEW OF LITERATURE 
Reproduction is the biological phenomenon mainly responsible for the 
continuity of life. Fertility being an unseparable part from the general concept 
of reproduction has been the field of many investigations each of which has 
tackled the problem from a different angle. Fertility as controlled and affected 
by many factors operating together and partly interacting, should be studied 
through identifying and evaluating this complex of factors. Since it has been 
impossible to deal with all these factors, and in order not to interrupt the 
continuity of the subject, most of the important factors governing fertility will be 
included in this review of literature. The factors within the scope of this study 
will be dealt with in detail whereas the other factors will be only hinted. 
Going through the literature, one can recognize that the general approach 
in studying the fertility of sheep as expressed by the frequency of multiple 
births or the lambing percentage is to divide the complex of factors affecting 
this trait into non-hereditary and hereditary factors. In other words to attribute 
the phenotypic expression of this character to genetic and non-genetic effects. 
1. NON-GENETIC EFFECTS 
A. Age of ewe 
HEAPE (1899) stated that some English breeds of sheep, notably the Dorset 
Horns, young ewes bear fewer twins than old ewes. CARLYLE and MCCONNELL 
(1902) studying data from the flock of the University of Wisconsin Experiment 
Station, found that the percentage of multiple births increased with the age of 
the ewe in the studied mutton breeds, and that the largest percentage of single, 
twin and triplet births was produced respectively by two-, five- and six-year-old 
ewes. HUMPHREY and KLEINHEINZ (1907) working with ewes from the same 
flock, the records of which covered five subsequent years, confirmed the 
findings of CARLYLE and MCCONNELL as to the ages at which ewes produced the 
largest percentage of single and triplet births, but they found that the highest 
percentage of twin births was produced by four-year-old instead of five-year-old 
ewes. 
MARSHALL and POTTS (1921) analysing the records of the American Bureau 
of Industry Farm at Beltsville during six years, found that in the Southdowns, 
there was a gradual rise in the proportion of twins born until the ewes reached 
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5 and 6 years of age. NIKOUSKII (1933) studied the fertility of the Karakuls, in 
the Askania Nova flock and reported a twinning rate of 17 % for the 4-year-old 
ewes, and 3-7% for younger ewes. DRY (1936) stated that the fertility of the 
Wensleydale ewes was higher at 4-5 years than at 2 and 3 years of age. LOPYRIN 
(1938) denoted that the late-maturing breeds got their highest number of 
multiple births at 5-6 years of age, whereas the ewes of early-maturing breeds 
reached their maximum at 3 years. 
NOZDRACEV (1939) studying the incidence of multiple births in several 
Rambouillet stud flocks found that ewes under 3 or over 7 years of age tended 
to produce fewer twins, whereas from 3 to 7 years of age, the incidence of twins 
was maintained at approximately the same level. 
JOHANSSON and HANSSON (1943) in their detailed study concerning the multiple 
births in Oxforddown, Shropshire, Cheviot and two types of Swedish Landrace 
sheep, denoted a steady rise in the average number of lambs per birth in all 
breeds up to 5-6 years of age, with a gradual regression afterwards. OOSTERHOF 
(1947) found that the lambing percentage of the Texel sheep in Noord-Holland 
followed an increasing trend with advance of age of ewes reaching a peak in 
their 4th and 5th year of age, after which a slight decrease occurred in the 6th 
year and thereafter the lambing percentage decreased more rapidly. 
DESAI and WINTERS (1951b) denoted that the lambing average of some pure-
bred and crossbred lines of different breeds of sheep rose with the advance of 
age of ewes up to the fifth year and then gradually declined. MASON and DASSAT 
(1954) studying some reproductive aspects of the Langhe sheep of Italy stated 
that the twinning rate increased as the ewes increased in age from one to 4-6 
years, and thereafter declined a little. RAGAB and ASKER (1954) also found that 
twinning in the Egyptian Ossimi sheep increased with advancing age, the 
maximum being attained when ewes were about 7-8 years of age (from the 6th 
to the 7th lambing). KARAM (1957) stated that in the Egyptian Rahmani sheep, 
the number of lambs per birth increased with the advance of ewes in age up to 
the fifth or the seventh year. BELIC (1958) concluded that the fertility of the 
Yugoslavian Zigaja ewes increased till the 5th year of age (4th lambing) after 
which a slow decrease followed. 
B. Plane of nutrition and condition of ewe 
Several investigations have been carried out to determine how far the 
nutritional condition of ewes especially in the period shortly before and during 
tupping (flushing) will influence their consequent fertility. Also, it has been of 
great interest to study the effect of body weight of ewes on their fertility. 
Ewes on high level of feeding have significantly higher ovulation rate, larger 
follicles and higher numbers of follicles (2 mm or more in diameter). The 
fertilization rate is higher, though not significant, for ewes on a higher level of 
feeding (EL-SHEIKH et al., 1955). Many sheep breeders believe that ewes should 
not only be on a high level of feeding during the breeding season but they 
should also be in a gaining condition. MARSHALL and POTTS (1921) stated in 
this respect that in order to get the largest number of twins, ewes should gain 
at least 7 pounds during the breeding season. 
There is overwhelming evidence that flocks in good condition at tupping 
time have a higher fertility percentage than flocks in poor conditions (HEAPE, 
1899). Flushed ewes have a higher production of lamb crops than unflushed 
ewes (MARSHALL and POTTS, 1921; NICHOLS, 1926 and PHILLIPS, 1939). Flushing 
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increases the percentage of twins and for the best results ewes should be flushed 
for 3-4 weeks before they go to ram (WALLACE, 1951). Flushing increased the 
number of ovulations from 1.06 to 1.15 (MCKENZIE and TERRILL, 1937). The 
efficiency of flushing in increasing ovulation rate depends on the condition of 
ewes at the time of flushing, the number of eggs released from the ovary is 
increased by flushing if the ewes were thin, but not if they were in high condition 
before flushing (CLARK, 1934). 
There is a positive correlation between body weight and fertility in Merino 
ewes, although the regression is not linear (NOZDRACEV, 1939). Comparing the 
lambing percentage in Columbia, Corriedale and Rambouillet ewes as classified 
according to different body weight categories, there is a general tendency for 
lamb production to increase with body weight (TERRILL and STOEHR, 1942). 
There is a positive correlation between body weight of the ewes and the average 
size of their litters. The intra-breed regression shows an increase in litter size of 
0.118 lambs for each increase of 10 kg in live weight of the ewes (JOHANSSON and 
HANSSON, 1943). 
The previously mentioned investigations, which resulted in stressing the 
importance of the plane of nutrition and the body weight of ewes as factors 
governing the fertility of ewes, have been recently contradicted by RADFORD 
(1959) who concluded that the incidence of twin ovulation in Merino ewes 
occurred equally among animals in which there were little or no changes in 
body weight and among animals in which there were more pronounced changes 
in weight. He also stated that the variation in the incidence of twin ovulation 
was not associated in any way with the change in the plane of nutrition of 
the animals. 
-V , . . . 
C. Time of mating 
In a British small flock of Suffolk cross Border Leicester-Cheviot, the number 
of lambs per fertile service rises to a maximum in November and then declines 
steadily which is attributed to the number of ova shed (HAMMOND, Jr., 1944). 
In experimental purebred Southdown ewes, the high percentage of twin births 
during the first half of the lambing period may be related to either better 
nutritional conditions in the first part of the season, or to the fact that ewes in 
the best condition have a bigger tendency to come to heat first and lamb first 
(MARSHALL and POTTS, 1921). Also, the Ossimi sheep have the highest lambing 
percentage of 139-144 in the first half of the lambing season (RAGAB and 
ASKER, 1954). Previous authors have also concluded that twins tend to be born 
early in the season (HEAPE, 1899, MARSHALL, 1908, NICHOLS, 1924, and BIEGERT, 
1938), but JOHANSSON and HANSSON (1943) found that the matings in the middle 
of the breeding season produced the largest litters in the Shropshire and 
Cheviot breeds. 
D. Other non-genetic effects. (Physical environmental factors) 
It is rather difficult to discuss separately the effect of each of the following 
environmental factors (different localities, i.e. latitude and altitude; changes in 
the daylight/dark rhythm and changes in atmospheric temperature and humid-
ity) on fertility because the effect of environment on fertility is a summative 
expression of the whole series of these factors. Therefore, when interpreting 
the effect of any of these factors on fertility, the others should not be neglected. 
There are some breeds such as the Lincoln which show greater fertility in 
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habitats other than their original homes, while others like the Suffolk, Hamp-
shire Down and Dorset Horn were most fertile in their home districts (HEAPE, 
1899). 
The difference in fertility between breeds are due to inherited differences in 
their ability to respond to decreasing hours of daylight (HAFEZ, 1952). It has 
also been shown by HAFEZ (1952) and HAMMOND, Jr. (1944) that the ability to 
respond to light stimuli is conditioned by age, as they found that ewe lambs had 
a shorter breeding season than adults. 
MILLER, MONGE and ACCAME (1944) suggested that the percentage of lambs 
raised to weaning among other productive aspects in sheep is in the same order 
as the ability of the ewes to maintain normal body temperature and respiration 
rate during periods of high atmospheric temperature. 
RADFORD (1959) related the seasonal variation in the incidence of twin 
ovulation in the Merino ewes to changes in some of the physical environmental 
factors, namely light and temperature. 
From the above mentioned literature, one can get the idea that fertility of 
ewes could be changed within certain limits by some changes in husbandry 
practices (time of mating, level of nutrition, length of exposure to light, etc.). 
In the same way changes in the hormonal level of ewes during the breeding 
season is apt to affect their fertility as well. The augmentation of fertility by the 
use of gonadotrophic substances, notably P.M.S. (ROBINSON, 1951a and 
WALLACE, 1955) though still practiced on an experimental scale, could be 
applied in the future on a wider scale, especially under an intensive system of 
farming where the need for the production of multiple births is of increasing 
importance. The augmentation of fertility by the use of hormonal treatment 
falls outside the scope of this study and is therefore not discussed in detail. 
2. GENETIC EFFECTS 
A. Between breeds 
The difference in the fertility of ewes of various breeds is very remarkable, 
both the percentage of lambs and the percentage of multiple births show very 
marked variation in different breeds. The influence of heredity in this respect is 
brought to bear. A good example of the wide differences which exist between 
various breeds in the frequency of multiple births is given in table 1. quoted 
from JOHANSSON and HANSSON (1943), who collected the available figures from 
previous work. Corresponding figures worked out by the same authors are 
given in the same table. JOHANSSON and HANSSON (1943) concluded that the 
differences in lambing percentage between the Cheviots and the Landrace (F) 
could be attributed to genetics, as both breeds had the same geographical 
distribution. 
B. Within breeds 
Many studies were carried out to produce evidence that the variance which 
exists between individuals within breeds in their lambing abilities is partly due 
to genetical differences. Most of these studies succeeded in bringing this 
evidence; nevertheless, few were able to estimate the heritable part of this 
variance. 
How far the type of birth of the ewe, the dam and the sire can affect the 
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consequent lambing performance of the ewe has been the subject of many 
studies which resulted in contradictory conclusions. 
RIETZ and ROBERTS (1915), studying an extensive material, came to the con-
clusion that in the studied Shropshire breed there is a positive correlation 
between the type of birth of both dam and sire and the type of birth of the 
offspring, and that twin parents give a larger percentage of twins among their 
offspring than do parents born as singles. Moreover, WENTWORTH and SWEET 
(1917), who studied data from the American Southdown records, gave more or 
less the same results as they stated that in general sheep of high birth rank tend 
to produce offspring of a high birth rank, and in pedigrees started from twin 
births the effect of birth rank of the sire is only slightly significant, while the 
effect of birth rank of the dam is slightly greater. No evidence of sex-linkage of 
fecundity factors emerged from their figures. Also, DESAI and WINTERS (1951b) 
found that twin born ewes give birth on the average to 0.12 more lambs than the 
single born ewes. WRIGHT and STEVENS (1953) confirmed these previous con-
clusions, as they found 9.6 and 11.0 percent more lambs from twin ewes than 
from single ewes of Romney and Corriedale sheep, respectively. Moreover, 
NOZDRACEV (1939) working with the Rambouillets in the U.S.S.R., also agrees 
that the probability of twin births is higher in animals which were themselves 
twins. 
MARSHALL and POTTS (1921) investigated the effect of type of birth of the ewe, 
sire and dam on the lambing percentage of the ewe and found that the highest 
record was from single born ewes by single sires from twin dams. They also 
found that twin born ewes were 4.7 % more prolific than single born ewes, but 
this difference cannot be considered significant. They concluded that no con-
nection is apparent between lamb production and the fact of sires and dams 
being singles or twins. 
NiKOLJSKii (1933) working with karakuls, reported that the probability of 
twin births is greater in a ewe that has already produced twins, but dams which 
were themselves twins do not give a higher percentage of twins than those born 
as singles. SMIRNOV (1935), working with the Romanov sheep, observed a 
correlation between the prolificacy at first and later births, but he could not 
find a definite relationship between a ewe's prolificacy and its being born as a 
single or in a multiple birth. BELOGRADSKH (1940) criticized the views of 
SMIRNOV and attributed the absence of a correlation between the prolificacy at 
first and later births, as found by SMIRNOV, to the poor management which 
prevented the triplet and quadruplet ewes from expressing their genetical high 
merits. His own results with the Romanov breed for ewes born as singles, twins, 
triplets and quadruplets are respectively 217, 236, 236 and 301 lambs born per 
100 ewes. REAVE and ROBERTSON (1953) pointed out that this would give a 
regression of daughter on dam of 0.289, a figure which is considerably higher 
than those shown in other reports. On the other hand, RAGAB and ASKER (1954) 
found in the Egyptian Ossimi breed that the type of birth of the ewe has no 
effect on twinning. 
Estimating the repeatability of litter size is a further step in the series of sub-
sequent methods which throws light on the heritable portion of this trait. 
JOHANSSON and HANSSON (1943), using the intra-class correlation as the method 
for estimating the repeatability of litter size in the Shropshire, Cheviot and 
Swedish Landrace (F), found that the total average repeatability of litter size 
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from the same ewe is 0.220 and within flocks 0.183. DESAI and WINTERS (1951a), 
studying the inheritance of fertility in several purebred and crossbred lines of 
sheep in the U.S.A., also used the intraclass correlation method and reported a 
repeatability estimate of 0.0498 ± 0.0263 after correcting for age. 
KARAM (1957) from his studies about the Egyptian Rahmani breed found the 
repeatability of litter size to be 0.056 ± 0.041, using the intra-ewe correlation 
for ewes with four lambings from 2 to 7 years of age. MASON and DASSAT (1954), 
in their research with the Italian Langhe sheep, computed a repeatability 
estimate of 0.079 using the above method. 
Estimating the heritability of a certain character is the most widely known 
procedure which gives a fairly good estimation of the heritable portion of the 
variance between individuals within a certain population during a certain 
period in their expression of this character. JOHANSSON and HANSSON (1943) 
investigated the relative importance of genetic and non-genetic factors con-
cerning the production of multiple births in different breeds of sheep in Sweden. 
They found that in the Cheviot breed, the within flocks dam-daughter correla-
tion for the first lambing is not significant, but basing the calculations on averages 
from 3 lambings they found a highly significant dam-daughter correlation (for 
all breeds = 0.107). Thus, they found a heritability estimate for the average 
litter size (based on 3 lambings) in the magnitude of 0.20. 
DESAI and WINTERS (1951a) using the intra-sire regression of daughters on 
dams from data on 542 daughter-dam pairs spread over 74 sires of various sheep 
breeds and lines reported an overall heritability estimate of 0.0736 ± 0.0152. 
RAGAB and ASKER (1954) studying the heritability of fertility in the Egyptian 
Ossimi breed, used 140 dam-daughter pairs within 8 sires and found the 
regression of daughters on dams to be 0.0181, which yields a heritability estimate 
of 0.0362. 
RENDEL (1956) in the course of his investigation which included four different 
breeds of sheep in Sweden, namely Cheviot, Oxforddown, Shropshire and 
Swedish Landrace, used two methods derived from all or non traits and got an 
average heritability of 0.113. 
SIDWELL (1956), using the correlation between type of birth of dam and her 
offspring, found the heritability of litter size to be 0.22 and 0.12 for mature 
crossbred and Navajo ewes, respectively. 
KARAM (1957) estimated the heritability of the number of lambs per birth in 
the Egyptian Rahmani sheep as 0.08 based on the regression of the type of 
birth of offspring on that of dam from a material embracing 849 dam-offspring 
pairs. 
The contribution of males in the observed variance which exists in the litter 
size of their offspring is still debatable. HEAPE (1899) came to the conclusion 
that the production of multiple births in sheep is a matter which only concerns 
the ewe and is not influenced by the ram. MARSHALL and POTTS (1921) also did 
not find in their study any important variation in the proportions of twins that 
can be attributed to the sire. The same results were found by DESAI and WINTERS 
(1951b), who stated that the sires within the studied lines did not show significant 
differences in the lambing average of their selected daughters. On the other hand, 
JOHANSSON and HANSSON (1943) found a significant but very small difference 
in groups of daughters from different sires. The small difference would have 
been somewhat larger if the average size of at least 3 litters had been used 
instead of the 2 litters used in their study. RAGAB and ASKER (1954) studying the 
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effect of rams, using the analysis of variance for the progeny of nine rams, found 
that the rams differed very significantly in regard to the frequency of multiple 
births in their offspring. 
CHAPTER in 
MATERIALS AND METHODS, STATISTICAL PROCEDURES 
AND RESULTS 
1. GENERAL MATERIAL 
The data studied in the present investigation have been quoted from the 
herdbook of the stud Texel sheep in the province of Noord-Holland "Texelsch 
Schapen-Stamboek in Noord-Holland", which belongs to the Sheep Breeders 
Association in this province. Therefore, these data are as reliable as possible 
considering that they are based on herdbook records. 
The Sheep Breeders Association in Noord-Holland embraces the breeders in 
the continental part of the province (vasteland) as well as the breeders in the 
Island of Texel. The province of Noord-Holland as a whole comprises about 
30 % of all the Texel sheep breed in the Netherlands. Moreover, it is also the 
most noted stud sheep breeding area of this country. 
In the Texel Sheep Herdbook, information about the pedigrees of registered 
ewes and rams is available, also the numbers of lambs born and survived 
(grootgebracht) per lambing for each ewe are registered, beside other econom-
ically important traits. 
It is a common practice in the whole province of Noord-Holland to breed 
the maiden ewes when they are 19-21 months old giving their first lambing as 
two-year-old ewes. However, it has been noticed in the herdbook of the conti-
nental part of this province (vasteland) that in the period just after the second 
world war (1946-1948) more than half of the registered ewes were bred for the 
first time at the age of 7-9 months to give their first lambing as yearling ewes. 
Also, in the year 1952 a lower number of ewes giving their first lambing as 
yearlings were registered in the herdbook. The breeding of 7-9 month-old 
lamb ewes after the last world war could be attributed to the emergency need 
for more animal proteins which prevailed at that time. Moreover, an economic 
necessity in the year 1952 might be the reason that ewes giving their first lambs 
as yearlings reappeared in the herdbook of that year. The group of ewes which 
were mated for the first time at the age of 19-21 months are referred to in this 
study as "continental or Texel Island 2-year-old ewes", whereas the other 
group of ewes which were mated for the first time at the age of 7-9 months are 
referred to as "continental yearlings". 
Lambing takes place once a year, and the lambing season is from March till 
June. This period coincides with the mild spring weather in the Netherlands 
which is suitable for the milking ewes as well as for lambs. The herdbook 
inspections for the registration of the newly born lambs occur within a maximum 
time of two months from the birth date of lambs, The lambs that survive till the 
time of inspection are referred to in this study as survived lambs (srv.) and are 
registered in the herdbook as (grootgebracht). 
Ewes in normal condition stay outside almost all the year round grazing on 
permanent grassland, and in the exceptionally severe winter days they are 
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supplemented with concentrates, i.e. rolled oats, soya beans expellers, green 
peas or horse beans. Putting ewes just before and during tupping to extra better 
grass is frequently practiced in the province of Noord-Holland, but the ewes are 
seldom given concentrates during this period. 
2. AGE AND YEAR EFFECTS 
A. Materials and methods 
Beside the age of ewes and the different lambing years as factors which may 
have an effect on the fertility of ewes, maternal age and the different types of 
birth of sires, dams and ewes are factors which may also play a role in this 
respect. It would have been better to include these factors in one and the same 
mathematical model dealing with age and year effects, but because our material 
did not lend itself for such an extensive analysis, we dealt with the factors age 
and year and interaction age/year, which seem to be the most important ones, 
in one mathematical model and the other factors were dealt with separately. 
This could be somewhat objectional because when dealing with one analysis the 
influence of the other factors will be included in the rest error which renders this 
analysis less powerful. 
The effects of age of ewes, of different lambing years and of the probable 
interaction age/year on the number of lambs born per ewe lambed and on the 
number of survived lambs (till the time of inspection) per ewe lambed, are 
studied in this part of the investigation. 
The computations are based on the first five successive lambings of each ewe. 
The material used in this study is divided into two separate parts according to 
the different habitats of the sheep: Texel Island Sheep versus continental 
Noord-Holland (vasteland) Sheep, and also to the age of ewe at first lambing: 
yearlings versus two-year-old ewes. Therefore this study comprises: 
1. Texel Island two-year-old ewes of which 1179 ewes with 5895 lambings 
were studied. This material comprised 8 batches of ewes: 25, 122, 179, 168, 145, 
206, 182 and 152 ewes born in the years 1944-1951. 
2. Continental Noord-Holland (vasteland) two-year-old ewes, of which the 
lambing performance data for 1378 ewes with a total number of 6890 lambings 
are included in this study. This material comprised 7 batches of ewes: 78, 135, 
159, 263, 244,256 and 243 ewes born in the years 1945-1951. 
3. Continental Noord-Holland yearlings of which the data for 452 ewes with 
a total of 2260 lambings have been used in this investigation. This material 
comprised 4 batches of ewes: 133, 143, 152 and 24 ewes respectively born in 
1945, 1946, 1947 and 1951. 
TABLE 2. The distribution of the data (continental yearlings) 
Ages 
Years 
1 
2 
3 
4 
5 
46 
X 
47 
X 
X 
48 
X 
X 
X 
49 
X 
X 
X 
50 
X 
X 
X 
51 
X 
X 
52 
X 
X 
53 
X 
54 
X 
55 
X 
56 
X 
12 Meded. Landbouwhogeschool, Wageningen 60 (3), 1-61 (I960) 
As an example to illustrate the data used in studying the factors age and 
years, a scheme of the data concerning continental Noord-Holland yearlings is 
given in table 2. 
B, Statistical procedure and results 
The data concerning this part of the study were punched and worked out by 
the Statistics Departement T.N.O. 
If we denote the influence of different ages by al5 a2... e t c- respectively and the 
influence of years by px, (32... etc., the following mathematical model is used: 
Pijk = fx + «.{ + P; + (oc(% + eyjfc model (I) 
where P^ denotes the lamb production of sheep No. k of age i in year j ; 
(x is the general mean value; on is the influence of age / on the lamb production 
of sheep k; |fy is the influence of year j on the lamb production of sheep k. 
(oc[J)y is the interaction component of the combination age i, year / ; ey* is the 
difference between the actual production of sheep fc and its expected production 
on account of the factors age, year and interaction age/year. So e comprises the 
influence of all factors which are not used in this model and which in this model 
are taken to be random. 
Taking the data of the continental yearlings as an example because it is the 
simplest form of material (comprising only four batches of sheep), the problem 
boils down to computing estimations for the following parameters: 
% a5 (5 parameters) 
p! Pu 0 1 parameters) 
{ocP)u («P)5.n (20 parameters) 
5 
In reality we have only 4 independent age parameters as SOJ = 0 and we 
need only to estimate o ,^ <x2, <x3 and a4 whereas a5 may be estimated as a5 = 
4 
- So* in the same way we have only 10 independent year parameters instead 
i = i 
of 11. 
Finally Sj (oc(% = 0 for every j and Sj (a(3)y = 0 for every / which leaves 
us 5 instead of 20 interaction parameters. 
The 19 parameters to be estimated for the continental yearlings ewes are 
illustrated in table 3. In the same way, though much more extensively the data 
of the continental two-year-old and Texel Island two-year-old ewes were 
analysed. 
The method of least squares (KENDALL, 1948) is used to estimate the above 
mentioned parameters. By this method, estimations of y., a1; a2 etc., (3X, (32 etc., 
•a, b, c, d and e are defined as those values that minimize the sum of squares: 
F = S S 2 [Pijk - [X - on - P; - (a(3)y2] 
k j i 
Hence the estimations are found by solving the following system of linear 
equations. 
The estimations are given in App. 1. In the same way, though much more 
extensively, the data of the continental 2-year-old group of ewes and Texel 
Island-2-year.-old group of ewes were dealt with. 
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TABLE 3. Scheme of the parameters affecting the number of lambs born and survived based on Model I 
(continental yearlings) 
" ^ ^ ^ Y e a r 
Age ^ \ 
1 
2 
3 
4 
5 
46 
a, 
Pi 
0 
47 
« i 
P2 
a 
<*••>, 
.P. 
48 
* i 
Ps 
6 
a2 
Ps 
c 
a.i 
Pa 
-6-c 
49 
a2 
P4 
a-c 
a3 
P4 
a4 
P4 
-a+c-d 
50 
a3 
P5 
a4 
Ps 
e 
4 
-Sa j ; 
l 
P* 
-b-c-e+d 
51 
a4 
P. 
a-c+rf-e 
- 4 
-Soc* 
I 
P« 
-a+e-d+e 
52 
a t 
P* 
-a-b 
) 
4 
- S a i 
I 
Pr 
e+b 
53 
a2 
0 
54 
a3 
P» 
0 
55 
a4 
Pio 
0 
56 
4 
-£a$ 
i 
10 
- E f t 
1 
0 
N.B. For convenience sake the independent interaction terms are denoted as a, b, c ... etc. instead 
To find out whether the interaction age/year is significant, the parameters 
on, (3j are computed once more, assuming no interaction. 
The model II is adopted. 
Pijk = V- + <*« + Pj + sy& model (II), 
and minimizing the sum of squares. 
F = S Z S (/><,* - |i - a, - (3;)2. 
I i A: 
So by solving the systems: 
BF'
 n dF' n . dF' n 
The results are given in table 5. 
By comparing the estimations on and fy based on model I and model II it is 
possible to investigate the significance of the interaction age/year. This com-
parison is performed by means of an analysis of variance (KUIPER, 1952) and 
given in table 4. 
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Table 4 shows as far as "born" is concerned, that there is no significant inter-
action age/year, whereas for "survived" an interaction just significant appears 
only for Texel Island two-year-old group of ewes. 
As there is only one significant interaction, which, as the analysis to test the 
main effects (age and years) will show, is to be considered as a minor effect 
compared with these main effects, it is justified to neglect it and to use the 
values of ai and (3j as given in table 5 and plotted in graphs 1-3, 9-11 and 15-20 
as estimations for the influence age and year. 
TABLE 4. Testing the assumption (interaction age/years) 
Sheep 
group 
Continent. 
Yearlings 
Continent. 
2 yrs. old 
Texel Isl. 
2 yrs. old 
Source of 
variation 
total 
interact. 
error 
total 
interact. 
error 
total 
interact. 
error 
Born 
Mean 
square 
0.298 
0.196 
0.299 
0.313 
0.277 
0.313 
0.268 
0.356 
0.268 
d.f. 
2245 
5 
2240 
6875 
20 
6855 
5879 
24 
5855 
P 
0.65 
0.66 
0.12 
Survived 
Mean 
square 
0.376 
0.780 
0.375 
0.395 
0.247 
0.395 
0.322 
0.528 
0.321 
d.f. 
2245 
5 
2240 
6875 
20 
6855 
5879 
24 
5855 
P 
0.07 
0.90 
0.03 
TABLE 5. Effect of age and year based on model H 
«1 
a4 
&5 
Pi 
St 
% 
Ps 
P9 
010 
111 
111 
A 
Cont. yearlings 
Born | Survived 
- 0.4203 
-0.0197 
+0.1492 
+0.1731 
+0.1177 
+0.0524 
-0.0121 
-0.1114 
-0.0302 
-0.0412 
+0.0280 
+0.1026 
-0.2160 
- 0.0099 
+ 0.2162 
+ 0.0216 
1.8190 
-0.4139 
+0.0035 
+0.1820 
+0.1924 
+0.0360 
- 0.0021 
-0.0894 
- 0.0828 
-0.0159 
+0.0640 
+0.0722 
+0.0139 
-0.1191 
-0.1727 
+0.1087 
+ 0.2232 
1.5740 
Cont. two years old 
Born 
-0.1034 
+0.0018 
+0.0334 
+0.0510 
+0.0172 
+0.0648 
-0.0812 
-0.0118 
-0.0049 
+0.0434 
- 0.0058 
-0.0292 
-0.0115 
+0.0439 
-0.0046 
-0.0031 
1.9489 
Survived 
-0.1068 
+0.0434 
+0.0653 
+0.0518 
-0.0537 
- 0.0748 
- 0.0239 
- 0.0070 
+0.0172 
+0.0264 
+0.0094 
0.0000 
- 0.0080 
+0.0356 
+0.0170 
+0.0081 
1.7329 
Texel Isl. two yrs. old 
Born 
-0.0929 
-0.0251 
+0.0633 
+0.0431 
+0.0116 
-0.0809 
-0.0522 
-0.2368 
-0.1351 
- 0.0348 
+0.0935 
+0.0607 
+0.0343 
+0.0267 
+0.1383 
+0.0315 
+0.1548 
Survived 
-0.1060 
- 0.0086 
+0.0588 
+ 0.0591 
- 0.0033 
-0.1065 
-0.1073 
-0.1938 
-0.1248 
-0.0122 
+0.0439 
+0.0523 
+0.0609 
+0.0350 
+0.1234, 
+0.0230 
+0.2061 
1.8138 | 1.6525 
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TABLE 6. Analysis of variance of factors age and year 
Sheep 
group 
Continent. 
Yearlings 
Continent. 
2 yrs. old 
Texel Island 
2 yrs. old 
Source of 
variation 
age 
year 
rest error 
age 
year 
rest error 
age 
year 
rest error 
Born 
Mean 
square 
11.364 
0.740 
0.298 
3.786 
0.593 
0.313 
3.452 
3.830 
0.268 
d.f. 
4 
10 
2245 
4 
10 
6875 
4 
11 
5879 
P 
<0.0001 
0.005 
<0.0001 
0.06 
<0.0001 
<0.0001 
Survived 
Mean 
square 
12.624 
0.526 
0.376 
7.123 
0.204 
0.395 
4.309 
2.966 
0.322 
d.f. 
4 
10 
2245 
4 
10 
6875 
4 
11 
5879 
P 
<0.0001 
0.17 
<0.0001 
0.88 
<0.0001 
<0.0001 
To test the significance of the main effects (age, year) an analysis of variance 
(KUIPER, 1952) was computed, the results of which are given in table 6. 
From the previous study we found that: 
a. The effect of age is highly significant in all six cases. 
b. The effect of age is greater for the yearling group of ewes than it is for two-
year-old groups. 
c. The differences between years are highly significant for the Texel Island two-
year-old group (both for the number of lambs born and survived). 
For the continental 2-year-old group there are no significant differences 
between years, whereas for the continental yearlings the year effect is highly 
significant for (born) and not significant for (survived). 
d. The mean squares show that the effect of years is considerably less than the 
effect of age. 
C. Validity of the mathematical model used in estimating the effect of age 
and year 
For this purpose, the differences between the computed values (C) based on 
model II (see age and year effects) and the actually observed values (O) per 
age/year cell for all the material used in this part of the study were computed 
(Appendices 2 and 3). 
Most of the matrices given in App. 2 and 3 show a random distribution of 
(+) and (-) signs of the (O-C) values. However, sometimes a less random 
pattern is seen, as for instance, all the (0-C) values of the Texel Island 2-year-
old ewes born in the year 1945 are negative [both for born (b.) and survived 
(srv.) lambs]. This might indicate a slight influence of the birth year of ewes, 
an influence which is not included in our model. However, the above non-
random pattern rarely occurs and moreover the differences between the (O) 
and (C) values are very small, which indicates that the mathematical model 
used in estimating the age and year effects includes no serious defects. 
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3. TYPE OF BIRTH EFFECT 
A. Material and methods 
The effect of type of birth of sires (TBS) (whether they were born as singles, 
twins or triplets), type of birth of dams (TBD) and type of birth of ewes (TBE) 
on the number of lambs born per ewe lambed have been studied. 
The data in this part are also classified into Texel sheep two years old, 
continental two years old and continental yearlings, which are dealt with 
separately. The first five successive lambings have been included for each ewe. 
The part of this study dealing with the Texel Island two-year-old ewes comprises 
206 ewes born in 1949 with 1030 lambings. In the same way a number of 244 
continental two-year-old ewes born in 1949 with 1220 lambings were studied, 
whereas, the study of the continental yearlings is based on the lambing records 
of 152 ewes born in 1947 and having 760 lambings. 
Taking the continental yearlings as an example we get the following scheme 
(table 7), which illustrates the importance of taking the factors age and year 
into account. 
TABLE 7. The distribution of the data for the type of birth effect (continental yearlings) 
\ L a m b i n g 
^ " ^ \ y r s . 
Ages \ ^ 
1 
2 
3 
4 
5 
1947 1948 
X 
1949 
X 
1950 
X 
1951 
X 
1952 
X 
B. Statistical procedure and results 
To find out whether there is a significant influence of the factor TBS we 
divided the 152 sheep according to the type of birth of their sires. Thus we got 
three groups (I = single born sires, II = twin born sires and III = triplet born 
sires) and per group the results of 5 combinations of age and year, as illustrated 
in table 8. 
TABLE 8. The effect of the sire's type of birth on the number of lambs born (continental 
yearlings) 
TBS 
I 
II 
III 
Continental yearlings 
age 1 
year 48 49 50 51 52 
No. of 
ewes 
22 
121 
9 
Mean lamb 
prod, (x) ± 2Sx 
1.75 ±0.23 
1.82 ±0.10 
1.64 ± 0.36 
The standard deviations S% were computed from the rest error table 10. 
Table 9 shows the same for continental two-year-old and Texel Island two-
year-old ewes. 
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TABLE 9. The effect of the sire's type of birth on the number of lambs born (continental 
2 yrs. old and Texel Island 2 yrs. old) 
TBS 
I 
II 
in 
TBS 
I 
II 
III 
Continental 2 years old 
age 
year 
2 
51 
3 4 5 6 
52 53 54 55 
Texel Island 2 years old 
No. of 
ewes 
20 
206 
18 
20 
178 
8 
Mean lamb 
prod. (*) ± IS* 
2.04 ± 0.26 
1.97 ±0.08 
1.97 ±0.27 
1.86 ±0.22 
1.89 ±0.07 
1.92 ± 0.35 
The standard deviations S% were computed from the rest error table 10. 
To analyse the factor TBS it is not correct to take all the results of the 5 
subsequent lambings together, as we know that there is a significant influence 
of the factors age and year. It is therefore necessary to correct for the influence 
of age and year by taking the combinations of age and years as a second classi-
fication using the proportional subclasses analysis - SNEDECOR (1946), (table 10). 
TABLE 10. Analysis of variance for the effect of TBS on the number of lambs born 
Sheep group 
yearlings v. 2 yrs. old 
Source of variation 
a) Between combina-
tions age/yr. 
b) Between TBS 
Interaction a) x b) 
Rest error 
Continental sheep 
yearlings 
mean 
square 
14.52 
0.85 
0.32 
0.29 
d.f. 
4 
2 
8 
745 
P 
<0.0001 
0.05 
0.37 
2 yrs. old 
mean 
square 
0.87 
0.23 
0.58 
0.33 
d.f. 
4 
2 
8 
1205 
P 
0.03 
0.50 
0.08 
Texel Island sheep 
2 yrs. old 
mean 
square 
0.63 
0.07 
0.10 
0.25 
d.f. 
4 
2 
8 
1015 
P 
0.03 
0.75 
0.92 
The analogous results for the factors TBD and TBE are given in tables 11 
and 12. 
The results of the analysis as given in tables 10 and 12 show that: 
a. The differences between the combinations age and year are always significant. 
This is in accordance with the results of the analysis of the factors age and year 
and indicates that it is necessary indeed to eliminate the influence of these 
factors when analysing the influence of the factors TBS, TBD, and TBE. 
b. There is no significant interaction between the factor type of birth on the one 
hand and the factors age and year on the other. Thus it follows that the influence 
of the type of birth factors is independent of age and year. 
c. As for the influence of the factors TBS, TBD, and TBE we found that: 
The factors TBS is significant only for the continental yearlings, the factor 
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TBD is not significant at all, and the factor TBE is significant for the continental 
ewes (both yearlings and two years old) but not for the Texel Island group of 
ewes. 
TABEL 11. The effect of the dam's type of birth and the ewe's type of birth on the number of 
lambs born (all studied groups of sheep) 
TBD 
I 
II 
III 
TBE 
I 
II 
III 
Continental Sheep 
yearlings 
no. of 
ewes 
31 
108 
13 
mean lamb 
prod, (x) ± 2SX 
1.75 ±0.20 
1.81 ±0.10 
1.86 ±0.30 
2 yrs. old 
no. of 
ewes 
32 
183 
29 
mean lamb 
prod. (3c) ± IS* 
1.98 ± 0.20 
1.97 ±0.08 
2.00 ± 0.21 
Texel Island Sheep 
2 yrs. old 
no. of 
ewes 
48 
152 
6 
mean lamb 
prod. Qc) ± 2Sx 
1.88 ±0.14 
1.89 ±0.08 
2.03 ± 0.41 
33 
99 
20 
1.71 ±0.18 
1.83 ±0.10 
1.79 ±0.24 
31 
180 
33 
1.87 ±0.20 
1.99 ± 0.08 
1.99 ± 0.20 
46 
155 
5 
1.90 ±0.15 
1.88 ± 0.08 
2.00 ± 0.45 
The standard deviations Sr were computed from the rest error table 12. 
TABLE 12. Analysis of variance for the effect of TBD and TBE on the number of lambs born. 
TBD 
Continental sheep 
yearling ewes 2 yrs. old ewes 
Texel Island sheep 
2 yrs. old ewes 
Source of variation mean 
square d.f. 
mean 
square d.f. 
mean 
square d.f. 
a) Between age/yr. 
b) Between TBD 
Interaction a) x b) 
Rest error 
14.52 
0.30 
0.34 
0.30 
4 
2 
8 
745 
< 0.0001 
0.38 
0.35 
0.87 
0.05 
0.32 
0.33 
4 
2 
8 
1205 
0.03 
0.83 
0.44 
0.63 
0.32 
0.20 
0.25 
4 
2 
8 
1015 
0.04 
0.28 
0.60 
TBE 
a) Between age/yr. 
b) Between TBE 
Interaction a) x b) 
Rest error 
14.52 
0.94 
0.34 
0.29 
4 
2 
8 
745 
<0.0001 
0.04 
0.31 
0.87 
0.95 
0.14 
0.33 
4 
2 
8 
1205 
0.03 
0.05 
0.91 
-
0.63 
0.20 
0.10 
0.25 
4 
2 
8 
1015 
0.04 
0.45 
0.92 
-
4. HERITABILITY OF LITTER SIZE 
A. Materials 
The estimation of heritability is based on the intra-sire regression of daughters 
on dams for the sheep of the continental part (vasteland) and those of Texel 
Island. The intra-sire regression of daughters on dams is computed in two 
different ways: 
a. Basing the computations on the litter size of the first lambing for each of the 
dams and their daughters. 
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b. Basing the computations on the litter size of the first three lambings. 
All ewes (used in this part of the study), whether they were daughters or dams 
were two years old when they dropped their first lambing, three years old when 
they got the second etc. 
The number of daughter-dam pairs, the number of sires, the number of daughter-
dam pairs per sire and the corresponding range used in this study are given 
in table 13. 
TABLE 13. The material used in estimating the heritability of litter size 
Based on the litter size of first lambing 
Continental 
Texel 
No. 
daught./ 
dam 
pairs 
539 
1370 
No. of 
sires 
73 
112 
Median 
6 
9 
,v. pairs/ 
sire 
7.4 
12.2 
Range 
pair/ 
sire 
5-31 
5-55 
On first three lambings 
No. 
daught./ 
dam 
pairs 
604 
1407 
No. of 
sires 
83 
118 
Median 
6 
9 
x. pairs/ 
sire 
7.3 
11.9 
Range 
pairs/ 
sire 
5-31 
5-55 
The continental Noord-Holland (vasteland) dams had given their lambings 
in the period 1942-1954, their daughters in the period 1946-1956. The Texel 
Island dams had given their first lambings in the period 1939-1951 and their 
daughters in the period spread over the years 1946-1954. 
Although the material of the continental Noord-Holland sheep covers a 
longer period than that of the Texel Island sheep, it is much smaller due to the 
smaller flock size in the continental part of Noord-Holland, and to the fact that 
some registered continental ewes notably just after the war had given first birth 
as yearlings. This of course limits the material in so far as only ewes giving their 
first lambing as two years old are considered. 
B. Statistical procedure and results 
The aim of this part of the investigation is to estimate the heritability (/j2) of 
litter size as the slope of regression of the lamb production of daughters on 
that of their dams. 
As it was not possible to predict whether the slopes of the above regressions 
are the same for the different sires, and as moreover differences in the intercept 
of the regression lines of the various sires were to be expected, it was necessary 
to start with the computation of a regression equation per sire (SNEDECOR, 1946). 
b = (x - x) (y - y) (x - x)2 
where y = number of lambs of the daughters. 
x = number of lambs of the dams. 
Next an analysis of covariance (SNEDECOR, 1946) was performed to find out 
whether the differences between sires with regard to the slope of the regressions 
are significant or not (App. 4) and (table 14). 
The P-values given in table 14 are rather high, and therefore there is no 
reason to reject the hypothesis that there are no differences between sires in the 
slope of the daughter-dam regression lines. 
Knowing this, it has been possible to pool the 6-values over all sires. 
The accuracy of the estimations given in table 15, is characterized by the 
standard deviations of the estimations as given in table 16. 
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TABLE 14. P-values from the test of significance of the difference between sires in the slope of 
regression lines 
Material 
Sheep group 
Continental ewes 
Texel Island ewes 
First lambing 
P = 0.20 
P = 0.88 
First 3 lambings 
P = 0.28 
P = 0.70 
TABLE 15. Pooled intra-sire regression of daughters on dams 
Material 
Sheep group 
Continental ewes 
Texel Island ewes 
First lambing 
0.086 
0.024 
First 3 lambings 
0.107 
0.045 
TABLE 16. Standard deviation of the regression coefficients 
Continental ewes 
Texel Island ewes 
Sb = 0.047 
Sb = 0.026 
First 3 lambings 
Sb = 0.044 
Sb = 0.026 
Doubling the pooled values of the daughter-dam regressions gives the 
heritability estimates of litter size (LUSH and STRAUS, 1942) as shown in table 17. 
TABLE 17. The different heritability estimates of litter size 
~~——--____ Material 
Sheep group ~ _^_____ 
Continental ewes 
Texel Island ewes 
First lambing 
h2 = 0.172 
h2 = 0.048 
First 3 lambings 
h2 = 0.214 
h2 = 0.090 
5. REPEATABILITY OF LITTER SIZE 
A. Materials 
The repeatability of litter size was separately estimated for the continental 
ewes and the Texel Island ewes by using the intra-class correlation method 
(FISHER 1954) Most of the material used here was also used in estimating the 
heritability of litter size (the dam records - see under heritability). 
The repeatability of litter size of the continental ewes was based on the 
lambing records of 610 ewes spread over 84 rams with a mean of 7.3 ewes per 
ram, whereas for the Texel Island ewes, the repeatability estimates were compu-
ted from the lambingrecords of 1419 ewes within 120 rams which makes a mean 
of 11.8 ewes per ram. All ewes in this part of the investigation were about 
2 years old at their first lambing and got three successive lambings in three 
successive years. 
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B. Methods and results 
The repeatability if) of litter size was estimated using the intra-class correla-
tion method. 
variance between ewes a? 
variance between ewes + variance within ewes erf + ^ 
To correct the variance within ewes for the age and year effect, the age/year 
combinations were included in the analysis as a separate source of variation 
and an analysis of variance was performed for the lambing records of ewes per 
ram (SNEDECOR, 1946). To get an overall estimate of (r), the mean squares 
within and between ewes per ram were pooled for all rams. The results of the 
analysis of variance are given in tables 18 and 19. 
TABLE 18. Intra-class correlation for the continental ewes 
Source of Variation 
Total 
Between age/year 
Between ewes 
Within ewes 
S.S. 
496.31 
53.36 
177.07 
265.88 
d.f. 
1746 
168 
526 
1052 
m.s. 
0.337 
0.253 
F 
1.33 
P 
<0.05 
TABLE 19. Intra-class correlation for the Texel Island ewes 
Source of Variation 
Total 
Between age/year 
Between ewes 
Within ewes 
S.S. 
1068.49 
102.38 
369.83 
596.28 
d.f. 
4137 
240 
1299 
2598 
m.s. 
0.285 
0.230 
F 
1.24 
P 
<0.05 
Applying the intra-class correlation equation, the overall repeatability estimate 
of litter size for the continental ewes is found to be 10% with 95% confidence 
interval from 4.6% to 15.4%, and the corresponding value for the Texel Island 
ewes is 7.3 % with 95 % confidence interval from 3.9 % to 10.7 %. 
6. EFFECT OF SIRES ON THE LAMBING ABILITIES OF THEIR DAUGHTERS 
A. Materials 
The material used in this part of the study is the same as that from which the 
heritability estimates of litter size are computed (see under heritability). 
B. Statistical procedure and results 
As there are no significant differences between sires in regard to the slope of 
daughter-dam regression, it is possible to investigate whether they also differ 
significantly in the level of the regression lines (App. 5) and (table 20). 
The difference between sires is illustrated by the regression value per sire 
computed for the overall mean values of dams as given in table 21 using the 
common b-values in table 15 (see /z2 estimates). 
Table 20 shows that the difference between sires as regards the levels of the 
daughter-dam regression lines, in other words the influence of the sires on the 
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TABLE 20. P-values from the test of significance of the difference between sires in the level of 
regression lines 
~~~"~~- ___^^  Material 
Sheep group •—-^___^ 
Continental ewes 
Texel Island ewes 
First lambing 
P = 0.08 
P = <0.0001 
First 3 lambings 
P = 0.001 
P = <0.0001 
TABLE 21. The overall mean values of dams 
^ ^ - ^ ^ ^ Material 
Sheep group — 
Continental ewes 
Texel Island ewes 
First lambing 
x = 1.84 
x = 1.56 
First 3 lambings 
* = 5.73 
x = 5.06 
lambing abilities of their daughters is highly significant for Texel Island ewes 
(considering first lambing and first three lambings), and significant for con-
tinental ewes (first three lambings), whereas for continental ewes (first lambing) 
it is just non-significant. 
7. MATERNAL AGE EFFECT ON THE FERTILITY OF DAUGHTERS 
A. Materials and methods 
This part of the study deals with the effect of the age of the dam on the 
lamb production of the daughter. As the factors age and year have a significant 
effect on the lambing ability of the ewe, the effect of age of dam cannot be 
analysed without considering the effect of ewe's age and the year. The same 
holds, to a less extent, for the factor type of birth (TBE TBS and TBD). 
The elimination of the effect of age and year can be done by performing an 
analysis per batch of sheep all born in the same year and taking the age of the 
ewe as a second classification, whereas the elimination of the effects due to 
type of birth factors can only partly be obtained. As far as the type of^birth^of 
ewe TBE (which seems to be more important than TBS, and TBD) is concerned, 
the problem can be solved by performing an analysis per type of 1birth of«swe 
This boils down to only analysing the performance of he twin born ewes^ as the 
number of singles and triplets is too small The effect of the factors TBS and 
TBD cannot be eliminated as the data available for this part of the study did 
not lend themselves to further splitting^his is P " ^ 1 ^ " ^ . " * ; 
effect, if any, of the factors TBS, and TBD is very small (see the type of birth 
^ O n account of the above mentioned reasoning, the maternal age effect is 
workedoTus ing two batches of data from the continental Noord-Holland 
ewes namely ewe? born in the year 1950 as the first ^ " ^ ^ ^ 1 9 5 ^ 
the second batch, each of which is worked out separately. All ewes used in this 
part of the study were two years old at their first lambing. 
The material used here is classified into: 
^ • • • u-,«.v,t„ five successive lambings, the data of which comprise 
"• R^WX^^**-*™*"*™ (TaMe22). 
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TABLE 22. Maternal age effect on the fertility of daughters giving 5 successive lambings 
^ \ ^ ^ Batch of sheep 
Age of dam ^ ^ ^ ^ 
2 years 
3 „ 
4 „ 
5 „ 
Ewes born 1950 
no. of 
ewes 
49 
48 
43 
42 
182 
3E(b.) 
lambs 
1.98 
1.90 
1.89 
1.87 
x (srv.) 
lambs 
1.76 
1.82 
1.70 
1.70 
Ewes born 1951 
no. of 
ewes 
42 
50 
33 
52 
177 
5(b.) 
lambs 
1.98 
1.92 
1.95 
1.87 
x (srv.) 
lambs 
1.72 
1.68 
1.77 
1.66 
TABLE 23. Maternal age effect - Number of ewes giving different numbers of lambings, but 
not to 5 successive ones 
Batch of sheep 
Age of dam 
2 years 
3 „ 
4 „ 
5 „ 
Ewes born 1950 
No. of ewes with different lambings 
1st. 
178 
130 
128 
127 
2nd. 
145 
93 
107 
98 
3rd. 
91 
61 
68 
57 
4th. 
41 
26 
33 
31 
5th. 
9 
3 
4 
8 
Ewes born 1951 
No. of ewes with different lambings 
1st. 
172 
126 
92 
129 
2nd. | 3rd. 
125 
97 
72 
103 
69 
61 
48 
68 
4th. 
37 
25 
29 
38 
5th. . 
3 
6 
2 
6 
b. Twin ewes also born in the years 1950 and 1951, and giving birth to different 
numbers of lambings but not to five successive ones. The number of ewes 
included in this part of the material is given in table 23. 
B. Statistical procedure and results 
a. First material - ewes giving birth to five successive lamb-
ings 
All of these ewes are classified according to their different dam-age categories. 
The mean numbers of lambs born and survived per category are given in table 
22. An analysis of variance of the classification of the factors, maternal age 
effect and the combination age of ewe/year is given in tables 24 and 25. 
From table 24 and 25 we found that: 
1. There is no significant effect of the different dam-age categories on the lamb 
production of the daughters (born and survived). 
2. The differences between age/year combinations are highly significant, as was 
to be expected. 
3. There is no significant interaction between the age of the dam and the age/ 
year combinations of the daughter. 
b. Second material - ewes giving birth to different numbers of 
lambings but not to 5 successive ones 
These data are also classified according to the different dam-age categories 
(table 23). With such data in order to compute an analysis of variance with 
proportional subclasses, it is necessary to have equal numbers of ewes per dam-
age category in both of the batches (batch born in 1950 and batch born in 1951). 
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TABEL 24. Maternal age effect on the number of lambs born and survived to ewes born in the 
year 1950 
Source of variation 
a) Age of dam 
b) Comb, age/year 
Interaction a) X b) 
Rest error 
Born (b.) 
M.S. 
0.50 
1.26 
0.37 
0.30 
d.f. 
3 
4 
12 
890 
F 
1.67 
4.20 
1.23 
P 
0.17 
0.002 
0.26 
Survived (srv.) 
M.S. 
0.72 
1.76 
0.46 
0.38 
d.f. 
3 
4 
12 
890 
F 
1.89 
4.63 
1.21 
P 
0.12 
0.001 
0.27 
TABLE 25. Maternal age effect on the number of lambs born and survived to ewes born in the 
year 1951 
Source of variation 
a) Age of dam 
b) Comb, age/year 
Interaction a) X b) 
Rest error 
Born (b.) 
M.S. 
0.53 
1.03 
0.26 
0.30 
d.f. 
3 
4 
12 
865 
F 
1.77 
3.43 
0.01 
P 
0.15 
0.007 
0.58 
Survived (srv.) 
M.S. 
0.48 
1.21 
0.62 
0.93 
d.f. 
3 
4 
12 
865 
F 
1.23 
3.10 
1.59 
P 
0.30 
0.014 
0.09 
TABLE 26. Maternal age effect on the number of lambs born and survived to daughters giving 
different numbers of lambings (given per lambing) 
Dam-age category 
2 years 
3 „ 
4 „ 
5 „ 
2 years 
3 „ 
4 „ 
5 ,. 
2 years. 
3 „ 
4 „ 
5 „ 
2 years 
3 „ 
4 „ 
5 .. 
No. ewes 
172 
126 
92 
127 
125 
93 
72 
98 
61 
48 
57 
37 
25 
29 
31 
(x) Lamb production 1st. lambing 
Ewes born 1950 
x lambs (b.) 
1.80 
1.67 
1.82 
1.77 
1.87 
1.83 
1.85 
1.89 
1. 
1.80 
2.03 
1.87 
x lambs (srv.) 
1.53 
1.51 
1.55 
1.54 
Ewes born 1951 
x lambs (b.) 
1.73 
1.71 
1.82 
1.79 
x lambs (srv.) 
1.53 
1.50 
1.70 
1.54 
J ! L_ 
(*) Lamb production 2nd. lambing 
— i j j 
1.70 
1.60 
1.58 
1.70 
1.94 
1.88 
1.83 
1.87 
1.75 
1.66 
1.54 
1.60 
_J j , _ 
(x) Lamb production 3rd. lambing 
1.57 
1.52 
1.69 
1.55 
1.84 
1.88 
1.79 
2.06 
1.70 
1.52 
1.55 
1.77 
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For instance, table 23 shows that the batch of the year 1950 includes 178 ewes 
having first lambing; whereas for the batch born in the year 1951, there are 
172 ewes. Therefore, it is necessary to omit the data for 6 (randomly chosen) 
ewes from batch 1950 to get the maximum equal number of 172 ewes. The same 
holds for the other dam-age categories and lambings. Further, table 23 shows 
that an analysis based on the fifth lambing is hardly worthwhile, the number of 
ewes being too small. The number of ewes on which the analysis is based and 
the mean numbers of lambs born and survived to these ewes are given in table 26. 
TABLE 27a. Maternal age effect on the number of lambs born and survived to daughters 
giving different numbers of lambings, but not to 5 successive ones (given per 
lambing) 
Source of variation 
a) Age of dam 
b) Batches 
Interaction a) x b) 
Rest error 
1st. lambing (born lambs) 
M.S. 
0.63 
0.03 
0.21 
0.27 
d.f.-
3 
1 
3 
1026 
F 
2.33 
0.11 
0.78 
P 
0.07 
0.74 
0.50 
1st. lambing 
(survived lambs) 
M.S. 
0.55 
0.19 
0.25 
0.42 
d.f. 
3 
1 
3 
1026 
F 
1.31 
0.45 
0.60 
P 
0.28 
0.50 
0.60 
TABLE 27b. 
Source of variation 
a) Age of dam 
b) Batches 
Interaction a) x b) 
Rest error 
2nd. lambing (born lambs) 
M.S. 
0.15 
0.13 
0.10 
0.31 
d.f. 
3 
1 
3 
768 
F 
0.48 
0.42 
0.32 
P 
0.68 
0.52 
0.80 
-
2nd. lambing 
(survived lambs) 
M.S. 
0.85 
0.00 
0.30 
0.44 
d.f. 
3 
1 
3 
768 
F 
1.93 
0.00 
0.68 
P 
0.12 
1.0 
0.56 
TABLE 27C 
Source of variation 
a) Age of dam 
b) Batches 
Interaction a) X b) 
Rest error 
3rd. lambing (born lambs) 
M.S. 
0.13 
1.03 
0.06 
0.38 
d.f. 
3 
1 
3 
462 
F 
0.34 
2.71 
0.16 
P 
0.79 
0.10 
0.92 
3rd. lambing 
(survived lambs) 
M.S. 
0.45 
0.86 
0.25 
0.52 
d.f. 
3 
1 
3 
462 
F 
0.87 
1.65 
0.48 
P 
0.45 
0.21 
0.69 
TABLE 27d. 
Source of variation 
a) Age of dam 
b) Batches 
Interaction a) X b) 
Rest error 
4th. lambing (born lambs) 
M.S. 
0.21 
0.00 
0.51 
0.35 
d.f. 
3 
1 
3 
236 
F 
0.60 
0.00 
1.46 
P 
0.60 
1.0 
0.23 
4th. lambing 
(survived lambs) 
M.S. 
0.20 
0.27 
0.38 
0.44 
d.f. 
3 
1 
3 
236 
F 
0.45 
0.61 
0.86 
P 
0.71 
0.44 
0.45 
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An analysis of variance of the maternal age effect is performed taking the 
different batches (batch born in 1950 and that born in 1951) as a second source 
of variation (table 27). 
From table 27 (a, b, c and d) it is shown that: 
1. There is no significant effect of the different dam-age categories on the lamb 
production of the daughters (born and survived). 
2. There is no significant interaction between the age of the dam and the two 
studied batches of sheep. 
From this study it is found that there is neither a significant maternal age 
effect on fertility of the daughters giving birth to five successive lambings nor 
on the fertility of the daughters giving birth to different numbers of lambings 
but not to five successive ones. 
CHAPTER IV 
DISCUSSION 
1. AGE EFFECT ON THE FERTILITY OF EWES 
A. Number of lambs born per lambing 
The age-fertility relationship in sheep as well as in other species of animals 
has been the subject of many investigations from which it is concluded that 
during the breeding life of the ewe, fertility of mating increases as the ewe 
advances in age and then decreases, or increases and may remain fairly constant 
for a number of lambings and then decreases (HEAPE, 1899; CARLYLE and 
MCCONNELL, 1902; JONES and ROUSE, 1920; MARSHALL and POTTS 1921; 
NICHOLS, 1926; NIKOLJSKI!, 1933; DRY, 1936; LOPYRIN 1938; JOHANSSONjmd 
HANSSON, 1943; DASAI and WINTERS, 1951b; RAGAB and ASKER 1954; KARAM, 
1957 and BELIC, 1958). Some of the records, however, show a decline: in litter 
size after the female has reached a fairly advanced age, while c, her _data.&1 to 
show such a regression. This condition nevertheless, may be attributed to lack 
of data on individuals of sufficiently advanced ages to indicate such a decline 
< J Z t r i 2 » ^ the shape of the age-fertifity^es reported by 
different investigators. This could in the first place be attributed to the differences 
time when the maximum production is achieved whichas f o r ^ g r ^ j a r t a 
breed characteristic This breed difference is reported in many publications and 
Dreed characteristic. i n i s ™=
 f l 9 5 3 ) secondly, some of these investiga-
t e d by REEVE and R ™ ™ ^ 1 ^ ^
 a g e * n d the effect of years are 
tions are based on data in wnicn trie eneci ui a e corrected for the 
probably confounded. This is a serious h m i t a t i o L ^ £ f ~ S f . t e a ^ 
age-fertility curve may change^ Thirdly, in some
 j ° / ^ » 0 ^ £ Jff 
fertility curves are based, t t e ^ ^ K ^
 the first part of their 
part due to the elimination of ewes not d r o PP i n J t ^ n s ™ F 
reproductive life. This might cause some ™ ^ ™ ^ i d e n c e b e t w e e n t h e 
In fact, as far as we are aware, there is no comrauu, y 
previous'work and this investigation a s J ^ ^ ^ S ^ f f i t a l 
the Texel sheep in the p ^ . ^ S J . ^ d t o T e x e l L a n d "two-year-
"two-year-old"; the continental yearlings anu 
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old" groups of sheep. After correcting for the effect of different years, the effect 
of age of ewes on the number of lambs born per lambing is highly significant 
(P <0.0001 •- table 6). The number of lambs born per lambing starts with the 
minimum at the first lambing irrespective of the age of ewes (whether one or 
two years old), and as the ewes advance in age, they drop an increasing number 
of lambs. The rate of this increase differs with the different studied groups. 
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, i - v, ie attained when the ewes are 4 or 5 years After reaching the maximum * c h » » wn diminishes 
old, depending on the group (Fig- 1,2 M d / £ ™e •
 t r e n d 
and'theage-fertility curves tendto ^ £ $ ^ T L in the normal 
The biological explanation for t h a g e 1 ^ ^ ^ y d i n e d b t n e level of the 
gonadotrophic hormones and the ™ P J ^ 0 I
 t e ^ m u c h F.S.H. as the 
Furthermore that the Y^ng « o n o t ^
 a c e r t a i n d u a l 
mature ones ( R °5^ 0 ^ . 1 9 5 / n a ) t wXac t ive ovarian state with advance in age 
transition from the inactive to ^ . ^ " y ^oductivity. Therefore, it is natural 
from puberty to the ^ j f ^ ^ f f ^ iJ^ases vdih age. 
in the normal polytocous female mar we 
a. The continental versus T ^ ^ ^ ^ t h a t of the Texel Island (both 
Comparing the continenta g r o u p ^ j f ^ * ^
 t h a t t h e fertility as ex-
having their first lambing as 2-year oia ew ,,
 t h e 
pressed by the numberof Jambs b o r J ^ ^ T o n n e r group than in the 
centage of multiple births (tab le:^ J»• s between the continental 
latter. This is probably due to flu; " ^ f ^ o g
 practiced, particularly with 
part and Texel Island in the type of sheep farming p 
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respect to the flock size (Het Texelsch Schapenstamboek in Noord-Holland, 
Jaarverslag 1957). From this reference it is shown that in the continental part 
sheep are kept in smaller flocks than in Texel Island, and consequently more 
individual attention could be given to the continental sheep than to the Texel 
Island sheep. 
TABLE 28. The frequency of single and multiple births as affected by the age of ewes 
Age of ewes 
yrs. 
Total no. 
of ewes 
a. Continental "yearlings" 
452 
452 
452 
452 
452 
Ewes giving 
birth to 
singles 
b. Continental "2 years old" ewes 
1378 
1378 
1378 
1378 
1378 
c. Texel Island "2 years old" ewes 
1179 
1179 
1179 
1179 
1179 
286 
139 
84 
74 
85 
297 
228 
231 
236 
270 
405 
314 
210 
234 
242 
Ewes giving 
birth to 
twins 
161 
292 
326 
310 
296 
1004 
1003 
939 
907 
884 
741 
824 
876 
821 
815 
Ewes giving 
birth to 
triplets 
5 
21 
40 
66 
71 
77 
143 
205 
230 
221 
33 
41 
92 
123 
119 
Ewes giving 
birth to 
Quadruplets 
TABLE 29. Percentage of single and multiple births as affected by the age of ewes 
Age of 
ewe 
(yrs.) 
1 
2 
3 
4 
5 
6 
Continental yearlings 
No. of 
ewes 
452 
452 
452 
452 
452 
Single 
63.3 
30.8 
18.6 
16.4 
18.8 
Twin 
35.6 
64.6 
72.1 
68.6 
65.5 
Triplet 
+ Quad-
ruplet 
I.I 
4.6 
9.3 
15.0 
15.7 
Continental 2 yrs. old 
No. of 
ewes 
1378 
1378 
1378 
1378 
1378 
Single 
21.6 
16.5 
16.8 
17.1 
19.6 
Twin 
72.9 
72.8 
68.1 
65.8 
64.2 
Triplet 
+ 
Quad-
ruplet 
5.6 
10.7 
15.1 
17.1 
16.3 
Texel Island 2 yrs. old 
No. of 
ewes 
1179 
1179 
1179 
1179 
1179 
Single 
34.4 
26.6 
17.8 
19.8 
20.5 
Twin 
62.8 
69.9 
74.3 
69.6 
69.1 
Triplet 
+ Quad-
ruplet 
2.8 
3.5 
7.9 
10.5 
10.3 
A comparison of the age-lambing curves of the same groups (Fig. 1 and 2) 
also shows that the Texel Island sheep reach their maximum lambing ability at 
the age of 4 years and the continental sheep at the age of 5 years, which denotes 
as far as the studied samples of the population are concerned that the Texel 
Island sheep tend to mature earlier than the continental sheep, which might be 
due to the different environmental conditions and husbandry methods in Texel 
Island and the continental part of Noord-Holland. This might also be due to the 
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expected differences in the genetical make-up between the two groups of sheep. 
Further research is needed to draw a solid conclusion. 
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FIG. 4. Comparison between the number of lambs born to the Texel Island 2 yrs. old group 
of ewes and that of the continental 2 yrs. old group ot ewes. 
Another interesting feature of this comparison is the rate of mcrea^a 
decrease in the lambing abilities of the two groups of sheep as expressed in 
percentage of their corresponding mean (p) values (Fig. 4). This figure shows 
that ther! a small difference in this respect between the contooetttal « £ the 
Texel Island sheep which denotes that by breeding ^ ^ * « ^ * * £ * £ 
lambing at the age of 2 years is giving them a certain physiological stability, no 
matter the level of their lambing efficiency. 
b Fffert nfaffe at first lambing . . . 
Comoaring the age- ambing curve of the continental ewes giving their firs 
comparing tne a p a m w s continental ewes giving their first 
ambing as two-year-old w * J ^ ° ^
 t h a t t h e f o r m e r ewes reach their 
lambing as y*^.<F* ^ J ^ T he number of lambs born per 
maximum productivity as expressed W
 t h e i r f o u r t h l a m b i 
lambing at the age of ^ll^'J^fjZsLe maximum at the age of four 
whereas the la ter ewes rea<* * ° * ^ ^ l a m b i n g . Bearing in mind that we 
years, which also corresponds to their l™™*™ g
 feable £a t t h e m a x i m u m 
reproductivity is not only a W o n oi dg , reproductivity is 
previous lamb crops is also required before mis F 
attained. „+w;<: k that through the repetition of normal The logic underlying ^ ^ ^ ^ ^ ^ ™*°mMe f ° r ^ pregnancies and parturitions, the'•&££?*
 n i t r e a c h e s i t s maximal repro-function undergoes a process of maturation umn 
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ductive efficiency. This is most probably true as long as regular breeders are 
concerned, which is the common case in sheep. 
The yearling ewes dropped less lambs in their five successive lambings than 
the two-year-old ewes (tables 28 and 29). Although the yearlings are lagging 
behind the two-year-old ewes in respect to their lambing abilities, their rate of 
increase in the successive years is far greater than that of the two-year-old 
group, which indicates that the difference in the litter size between the yearlings 
and the two-year-old ewes is diminishing with advancing age of ewes (Fig. 5, 6, 7 
and 8). This postulates that breeding maiden ewes to give their first birth as 
yearlings is directing their physiological abilities to two different functions i.e., 
growth and reproduction, and that this extra physiological strain is diminishing 
when the requirements for growth are becoming less as the ewes advance in age. 
The above statement agrees in principle with the conclusions drawn by Ham-
mond (1952) concerning the competitive requirements for nutrients. 
B. Number of lambs survived per lambing 
After correcting for the effect of years, the effect of age of ewes on the number 
of survived lambs, (within 2 months of their birth date) in all three groups of 
sheep studied, is statistically highly significant (P < 0.0001). The number of the 
survived lambs per lambing in each of the three groups of sheep increases with 
advancing age of ewes up to a maximum of which the ewes are 4 or 5 years old, 
depending on the group studied (Fig. 9, 10 and 11). 
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FIG. 5. Therateofchangeinthelambproductionofthecontinentalyearlinggroupofewes and 
the continental 2 yrs. old group of ewes. 
32 Meded. Landbouwhogeschool, Wageningen 60 (3), 1-61 (1960) 
z 
< 
Ui 
3« 
O a . 
UJ 
i - tu 
LU 
N 
in 
cr 
p r 1 . 8 2 CONTINENTAL YEARLINGS 
j i * 1 . 9 5 CONTINENTAL 2 YRS. OLD 
1ST. 2ND. 3RD. 4 m 
LAMBINGS (BORN) 
FIG. 6. Comparison between lamb production of the yearling group of ewes and that of the 
continental 2 yrs. old group of ewes. 
80% 
70 °hh 
ffi 60% 
I 
Q 
50% 
40% 
30% 
20% 
10% 
I 
1ST. 
SINGLES 
TWINS 
TRIPLETS » QUADRUPLETS 
CONTINENTAL YEARLINGS 
CONTINENTAL 2 YRS. OLD 
hvA 
XA 
% 
1 
5 TH. 
LAMBINGS 
Fta. 7. The frequency of litter size of the continentalI yearling group of ewes and that of the 
continental 2 yrs. old ewes in successive lambings. 
Meded. Landbouwhogeschool, Wageningen60 (3), 1-61 (I960) 
80% | 
in 
£ 70% 
60% I 
40% I 
¥ 30°/o 
z> o tu 
fE 20% 
10% 
w 
n 
nh 
w 
MB& 
S. SINGLES 
T. TWINS 
TR. TRIPLETS &QUADRUPLETS 
D CONTINENTAL YEARLINGS 
H CONTINENTAL 2 YRS. OLD 
ta 
LIFETIME (VEARS) 
FIG. 8. The frequency of litter size of the continental yearling group of ewes and that of the 
continental 2 yrs. old ewes in successive ages. 
The age-survival curve of each of the three groups of sheep has almost the 
same trend as the corresponding age-lambing curve, which shows that as the 
ewes advance in age not only their lambing capacity increases but also their 
efficiency to raise this increasing number of born lambs. This holds true 
assuming that the other factors affecting the number of survived lambs in this 
neo-natal period, the young lamb diseases and the unfavourable physical 
environmental conditions, have a random effect on the survival of lambs born 
to every age category of ewes. The relationship between the age of the ewe 
and the number of survived lambs per lambing as found in this study agrees 
in general with the findings of PURSER and YOUNG (1959). 
As the barrenness plays no role in this material the higher fertility of the older 
ewes is only due to the higher percentage of multiple births they drop. Provided 
that the twins are less vigorous than the singles, due to their competition in the 
utero and during the suckling period, the mortality rate is expected to increase 
with the increase in litter size, or in other words, with the advance of age of ewes. 
However, the results arrived at in this investigation do not follow such a trend. 
PHILLIPS and DAWSON (1940) got more or less the same result as they found no 
consistent differences in the ability of single and twin lambs to survive to 
3 months of age. Also, RAGAB et al. (1954), concluded that the type of birth of 
the Ossimi and Rahmani lambs has no significant effect on the mortality rate 
of these lambs up to 4 months of age. 
The increasing efficiency of ewes to raise their lambs as they advance in age 
is largely due to the fact that the ewe's milk yield follows an increasing trend 
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with advance of age (BONSMA, 1939; BELEVSKA, 1950; MASON and DASSAT, 
1954). Moreover, it is known that the percentage of multiple births increases with 
advance of age of ewes and this calls to mind the findings of MASON and DASSAT 
(1954) who stated that as a result of the effect of the direct suckling stimuli on the 
udder, the ewes producing or rearing twins yield more milk than those pro-
ducing singles. Therefore beside the increasing milk yield with the increasing age 
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of ewes, the physical stimuli of the highly frequent twins and triplets on the 
udder could be another reason for the higher mothering efficiency of the older 
ewes and indirectly, for the higher number of lambs which survive to the older 
•ewes. 
a. The continental versus Texel Island sheep 
Comparing the continental with the Texel Island sheep (both giving first 
birth as two-year-old ewes) shows that after correcting for the effect of year 
the number of survived lambs in each of the five successive lambings is higher 
for the first than for the second group (Fig. 9, 10 and 12). This could be partly 
explained by the higher number of lambs born to the continental ewes than to 
the Texel ewes, as it is shown from this investigation that the number of lambs 
born and the number of lambs survived are to some extent correlated. This idea 
is supported by comparing the total rate of change of the survival curve of the 
same two groups of sheep throughout the 5 successive lambing years, which 
rate is almost the same for both groups. This indicates that the expected total 
number of survived lambs largely depends on the number of lambs born, but in 
this case it should be assumed that the only factor affecting lamb survival is the 
mothering ability of the ewes and that the other factors are constant. 
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\ ™ : ^ : f ^ l X ^ l continental ewes giving first birth as 
2 Jea -oldTwes, is always higher than that to the ™ * ^ % ^ £ % ^ 
the most obvious inferiority of the second group in this respect applies to their 
tot taSwnT^cS the age-survival curves of the previous y mentioned two 
nrst lammng rrom uic g maximum number of 
groups it is found that the former group ^
 to ^ thM l a m b i n g ; 
survived lambs at the age oi <* yeais, wm ±» 
whereas the latter group also reaches its maximum at the age ot 4 years em in 
thfc^  case ft « S S S S ? t o the 4th lambing. This indicates that the number of 
fu^ viVaTs fs mSy P a tnc t ion of the age of ^ J ^ ^ n ^ * * ^ 
The effect of the numberot lamo J reproductive efficiency, is 
lambing seasons till the ewe « j W P ^ ^ ^ n u m b e r 
much more ° ^ M J ^ ^ X ^ w h e n it is expressed as the number of of lambs born per lamb ng rathethan ^ ^
 fa ^ l y t o c o u s 
lambs survived per ambing:ThscouiaDe maturation of the 
species the litter size is d e l y a f f e * J * ^ 8 .
 w h e r e a s t h e n u m b 
female's genitalia and all «™ e? P " J *
 f physioiogical maturation through 
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their first lambing, to a physiological strain and their mothering ability was 
affected as well. However, the rate of increase in the number of survivals is 
higher for the yearlings than for the two-year-old ewes. This is probably due 
to the fact that when the yearling ewes advance in age, the depression in 
their reproductive efficiency, which is most obvious in their first lambing, relaxes 
and after that they tend to catch the level of reproduction of the 2-year-old group. 
(Fig. 13 and 14). 
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FIG. 13. The rate of change in the number of survived lambs to the continental yearling group 
of ewes and that of the continental 2 yrs. old group of ewes. 
2. YEAR EFFECT ON THE FERTILITY OF EWES 
A year-to-year variation in the lambing ability of ewes has been reported by 
many investigators notably MARSHALL and POTTS (1921), DESIA and WINTERS 
(1951b); RAGAB and ASKER (1954) and SIDWELL (1956). The way DESAI and 
WINTERS (1951b) approached their investigation has given their report a high 
degree of reliability as they corrected for the age of ewes and got an estimate of 
the effect of years which is not confounded with the age effect. The effect of 
different years on the fertility of ewes is a subject which is not crystalized and 
which includes numerous factors. Nevertheless, such effects could be discussed 
on account of the possible changes in the environmental conditions which 
embrace the meteorological and managemental changes. The best way to study 
the year effect on the fertility of ewes, so as to touch the heart of the problem 
and to draw a solid conclusion out of it, is to perform controlled and critical 
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experiments. In this material, however, all the causative factors behind[the g a r 
effect are unseparable and therefore our discussion would not be critical 
enWhehn the effect of age is kept constant, the effect of years on the number of 
lambs borr^andonthedumber of lambs survived per lambing is highly sigmf-
Smt at the 5 V °evel for the Texel Island 2-year-old ewes and non-significant 
at 1 a m e i i l f o the continental 2-year-old ewes. Considering that-the* 
? e s l haTe b e t obtained from material based o n a « ^ 7 / 
t h e c o ^ 
year in the ^ ^ S ' ^ n t Z ^ ^ . S s t u ! ^ 
stronger on the Texel Island man_ o
 f t r b e i n g m u c h 
7 Z P Z Z S S " Z T ^ X ^ of these two groups to the year-to-year 
environmental fluctuations continental 2-year-old 
The differences between the: Texel_W*£dKep ana ^ ^ ^ ^ 
group of sheep in ^ ^ ^ ^ 2 5 in the Island of Texel, this has 
t h a t t h e f l o c t a a i e B n ^ o n t t e ^ t ^ M consequently drastic year 
probably given rise to m u c h ^ m d u a care J ^ ^
 for b y 
effects on the continental group m i g n n ^ ^ ^ 
husbandry means. By comparing the year fertility ^ ^ 
groups of sheep it is ^ ^ / ^ h f continental ewes, the year-fertility 
marked on the Texel Island ana on mc 
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FIG. 16. The effect of different years on the number of lambs born to the Texel Island 2 yrs. 
old group of ewes.*) 
curves of both groups tend to have the same trend (especially after excluding 
the less reliable points on the tails of the curves). In other words the years which 
have (+) effects on the fertility of one group have relatively the same effects on 
the other group. This could be in favour of the hypothesis that the difference 
between those two groups of sheep is due to the difference in their response to 
the fluctuating environmental year effects rather than to the difference in 
environment between Texel and the continental part. 
After correcting for age effects, the effect of years on the number of lambs 
born to the yearling group of sheep is found to be significant at the 5 % level, 
whereas it is not significant at the same level for the number of lambs survived 
(Table 6). This might cause some surprise as the fluctuations for born and 
J) The two crosses on both sides of the points in these figures indicate the confidence intervals. 
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survived (Fig. 17 and 7 » ™ » ^ & ^ ^ £ 3 ^ £ £ 5 
could be explained by calling to mind that in me sra deviations, is 
of observations in the last four years, which^tojrme g ^ ^ 
very small (24 observations per year) and consequently 
them are not reliable enough. sensitive to the fluctuating year 
The continental yearlingsseem t.be' ^ " ^
 i s o n i s restricted to 
effects than ^ t o o - y e w ^ ™ ^ ™ * Jthe h i g h e s t n u m b e r o f 
their most reliable period 1948-lsm wmu
 d physiolog-
observations. This could reflect again that the yearlings were u 
ical strain.' , ,.
 ffect 0f y e a r s on the fertility of 
The mean squares (Table 6) show hat the eliect y 
ewes is considerably less than the effect ol age. 
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3. TYPE OF BIRTH EFFECT 
The effect of type of birth of ewes on their lambing ability has been extensively 
studied in an attempt to bring evidence that this trait is heritable. Most of the 
investigations on this subject led to the conclusion that the twin ewes have a 
greater tendency to give birth to twins and triplet lambs than single ewes 
(RIETZ and ROBERTS, 1915; WENTWORTH and SWEET, 1917; MARSHALL and 
POTTS, 1921; BELOGRADSKII, 1940; DESAI and WINTERS, 1951b and WRIGHT and 
STEVENS, 1953). However, some other studies did not provide such evidence 
(SMIRNOV, 1935). The effect of both the type of birth of the dam and sire on the 
x) The two crosses on both sides of the points in these figures indicate the confidence intervals. 
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lambing ability of their daughters has also been investigated through studying 
the heritability of fertility in sheep. 
In the present study, the effect of the different types of birth of sire on the 
lambing ability of the daughter is significant only for the continental yearlings; 
the different types of birth of dam have a nonsignificant effect in this respect, 
while the effect of the different types of birth of ewes on their lambing ability is 
significant only for the continental two groups (yearlings and 2 yrs. old), but 
not for the Texel Island group. In most cases, the mean number of lambs born 
to ewes born themselves as twins or born to twin sires or dams is somewhat 
higher than the corresponding mean number of lambs born to ewes born as 
singles or to single sires or dams (Table 8, 9, 11). However, this does not say 
much as these mean litter size values have not the same reliability because they 
are based on very different numbers of observations. Also, the triplet born ewes 
or ewes born to triplet sires or dams are not dealt with in our previous comparison, 
simply because a very low number of observations were available for this 
%efforyegfoingefurther it is worthwhile to mention here three features of the 
data used in this investigation which might have affected our results to some 
extent. First, the number of records of the twin bom ewes on which the mean 
litter size is worked out, is consistently higher than that of the other twotyp« 
of birth. This confirms that twins are prevailing in the Texel heep breed in 
Noord-Holland at least as far as the registered ewes are concerned Second he 
effect of the different types of birth of sires, dams and ewes; on the lamb ng 
ability of ewes were analysed « e p a n t e l y , i h a t J s . t o . w - - w h « a ^ ^ f « ^ 
effect of the different types of birth of the sires we payed ncattent™to he 
a- L c .i e u;,+v. rvf thp Hams or ewes. This means mat wnen me 
effect of the types of birth of the dams or ew 
TBS, is considered, the variance due to-the factors ^ a n u
 t hish and 
of the rest error. These resulting rest errors ^ . ^ ™ % ^ J % £ Z 
consequently the analysis less P ^ J ^ ^ ^ ' ^ S T S ^ o S d n S 
analysis might have been ^ < ^ ^ ^ ^ ^ ^ c & y safe as far as 
from our analysis regarding the type of birth factors a r^ Pe ^
 p . v a l u e s 
the significant P-valuesare ™™™«J™Z% * w e r f u l analysis by taking 
might have been smaller if we had usea a F^ insignificant 
together all types of birth of the, dam are and^ewe.,m J ^ . ^ 
P-values are very high (Table 10 and 12).we ^ X f o r e applying the results of 
objection. Third, it should be borne in ^ ^ ^ ^
 t y p e 0f birth of 
such an investigation i r ^ ^ a S t t ^ e o f b i r t h o f 
sires, dams and ewes, but we should t* aw
 d a m T h a t .g tQ s a y ; 
the animal is to substantial ^ ^ ^ " T y ^ r i i n g dam should be distin-
for selection purposes ^ ^ ^ d Z in advanced age; the former is 
guished from a single born ™ ^ ° l ^ v h e a used for breeding purposes, 
expected to be more promising than the latter wn• 
Our data were insufficient to d e m o t e ^ ^ ^ e demonst rated a 
Each of the different types; of;birthot dam^
 ( c o n t i n e n t a l e a r l i n g s ; 
different intensity of effect on t h e l ^ ^ ^ ^ J L x ^ M c l O ^ l T ) . 
2 years old and Texel Island) as *own by the test • ° & n t e f fec t o f t h e d i f f e r e n t 
This might be due to chance; moreover tne noi g
 m e a n ^ 
TBS, TBD, and TBE on the ^ ^ ' ^ a c t it^»uld exist but, due to the 
such an effect does not exist; as a matter oi 
limited material, is not demonstrated. ^ 
Meded. Landbouwhogeschool, Wageningen 60 (3), 1-61 (m°) 
As far as the sample of the material used in this study is concerned, it is 
interesting to note that the types of birth of ewes (TBE) have a significant 
effect on their lambing ability for both the continental groups, but not for the 
Texel Island group of sheep which may indicate that there is a difference in the 
genetic structure of the two populations. 
4. HERITABILITY OF LITTER SIZE 
The phenotypic variance of a character is determined by genetic and environ-
mental factors and it can be accounted for by these two factors and by the 
interaction between them. To those who are interested in livestock breeding 
and improvement, the part of the phenotypic variance of a character which is of 
a genetic origin is of great importance as it serves as a deposit for future 
possibilities. 
The fraction of the observed variance caused by hereditary differences is the 
degree of heritability in the broad sense as defined by LUSH (1940). In other 
words, the degree of heritability in the broad sense is the proportion of the 
phenotypic variance which is traceable to genotypic variance, and which might 
include all kinds of gene actions, i.e. additive, dominance and epistatic. But the 
fact that in the course of reproduction, the parents contribute haploid genomes 
to the gene pool of the next generation and this will break up the dominance 
relations and most of the epistatic combinations, places much emphasis on the 
importance of the additive genetic variance rather than on the genotypic 
variance in the evaluation of the heritability of a certain character. The pro-
portion of the additive genetic variance to the total phenotypic variance is 
the degree of heritability as defined in the narrow sense. 
For estimating the results of various breeding plans, especially of the mass 
selection, the heritability in its narrow sense is more beneficial than in its broad 
sense, as it mostly includes the additive genetic part of the variance which is 
transmissible from parent to offspring. 
Many techniques and methods to estimate the heritability of different traits 
have been developed and published. A good example of such publications are 
the papers of LUSH (1949) and LE ROY and LORTSCHNER (1956). All these 
methods depend on the measurement of the degree of similarity between 
individuals related by lineal or collateral descent after eliminating as much as 
possible the environmental contribution to this similarity. 
Some studies have been carried out to estimate the heritability of litter size in 
different breeds of sheep. The study performed by JOHANSSON and HANSSON 
(1943) on the heritability of this trait by different sheep breeds in Sweden is an 
extensive one. They used the dam-daughter correlation within sires and the 
paternal half-sib correlation in their estimations and stated that the heritability 
of twinning is probably 0.10-0.15 based on one lambing, and 0.15-0.25 based 
on three lambings or more. Their extensive material eliminates most of the 
sampling errors and it seems that there is no serious limitation to the results 
obtained. The only pitfall which may give rise to some error is that the authors 
calculated the dam-daughter correlation on the basis of the average size of three 
litters from each ewe at 2-6 years of age and did not correct for the age effect. 
DESAI and WINTERS (1951a) estimated the overall average heritability of 
fertility in 9 purebred and crossbred lines of sheep to be 0.0306 ± 0.0102 
according to their first procedure in which the age-corresponding lambing of 
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the dams and daughters were paired. The same authors arrived at an overall 
average heritability of 0.0736 ± 0.0152 according to their second procedure in 
which the average lambing record of the dam was compared with the average of 
all lambings of her daughters within the same sire. The first method seems to be 
much more accurate than the second, as the latter is based on comparing 
averages of records of unequal weights, which, unless the number of records for 
both the dams and daughters is large (which was not the case in their data), 
will lead to erroneous results. . . . 
SIDWELL (1956) reported that the heritability of twinning is 0.22 and 0.12 
respectively for mature crossbred and purebred Navajo ewes. His estimates seem 
to be somewhat biased due to the lack of control of the physiological and 
environmental factors which affect this trait. 
RENDEL (1956) studying the heritability of fertility m 4 breeds of sheep in . 
Sweden using two methods derived from all or none traits came tc> ar,L average 
overall heritability of 0.113. These methods, although ^ P ? * * ^ ^ 
yield different results than the other conventional methods for the calculations 
of heritability, still they fit better the binomial data allowance 
To get as reliable as possible a heritability estimate of a character, allowance 
c ^ f f i ^ ^ 
t S s l ^ X g ^ ^ 
T ? a « d S r T c e s "f a n r b e t w L daughters and dams in their corresponding 
hmbif g ; fSorexceed 2'months. This slight age difference is not expected to 
lower the accuracy of our heritability estimates. » The year effect is a n ^ ^ ^ ^ ^ ^ ^ ^ d a t a , heritability estimates based on the daught«-dam regression^ 
the performances of both « U u g h ^ ^ d ^ ^ a l ^ P ^ ^ 
spreading out of the records over different years glvc» *
 {th 
the yearmanagemental andI nutritional ^ i f ^ ^ ^ o n t Z t , very 
T 3 ? pSent material, the h e r i t a b ^ y o f l ^ s ^ ^ o m p u g on^wo 
different bases, first by using the average ^ ^ o t ^ ^ ^ ^ 
daughters and their dams per sire andI second ^ ^ ^ ^ 
lambings of both daughters and dams per sire•
 o f u n a l 
data used, however it is a better method than^compar ^ ^ 
weights and standardizing them to thes same-.m andtheTexel 
The heritability of litter size by the ^ f " ^ ^s f o u n d t o be 0.172 ± 
Island group based on the litter size of the^rsuam g
 o n ^ 
0.188 and 0.048 ± 0.104 respectively a n d . w h e n ^ Q m ± . £ m Jn t h e 
total of the first three lambings it is a z i ^ y ^ s i z e ag ^ ^ i r e 
same order of respect. Calculating the henteD J
 t{om o n t h r e e l a m b m g 
regression of daughters on dams basing
 i o n o f t h e genotypic consti-
performances of each is obviously abetter c
 f o r m a n c e s . 
tution of the individual ewes than using o > ^ ^o g f o u p s o f s h e e p a r e 
The heritability estimates of litter size in ^ 
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found very low and moreover, the standard deviations of these estimates denote 
that except in the case of the continental group (on 3 lambing basis), the heri-
tability estimates do not differ significantly from zero. These results agree with 
the previous publications that this trait is not highly hereditable; however these 
extra low estimates could be due to sampling errors which lead to the suggestion 
that much more extensive material should have been used. 
The heritability estimates of the continental group are relatively higher than 
of the Texel Island group, which could be due to the possible higher degree of 
genetic homogeneity in the latter than in the former group of ewes. Nevertheless 
this needs scrunity since this difference in the degree of genetic homogeneity is 
expected but not yet proved. 
5. REPEATABILITY OF LITTER SIZE 
The variation in performance between different ewes is partly due to environ-
mental differences and partly to genetic differences, whereas the variation in the 
performance of the same ewe in different years is only due to temporary 
environmental variations (e.g. age of ewe, climatic and nutritional differences 
between years). This does not mean that one can conclude that all the similarity 
between the successive performances of the same ewe is of hereditary origin as 
it may include some of the -permanent environmental effects (pre-natal or pre-
weaning environment). The tendency of the ewe to repeat a similar performance 
(litter size in this study) is known as the repeatability of this performance. In 
genetic terms, the repeatability measures the degree to which the phenotypic 
expression of the character is free from the temporary influence of diverse 
origin (LERNER, 1958). This will lead to the conclusion that if the differences in 
environmental conditions have permanent effects on the ewe's ability to produce 
multiple births, the coefficient of repeatability will be partly a measure of these 
environmental effects and may not be a good measure of the importance of 
genetic tendencies. 
The similarity between the records of a single ewe, compared with the 
differences between ewes, gives an estimate of the individuality of the ewe. 
Statistically, this is calculated as the intra-class correlation between the ewe's 
repeated performances, in other words, as the variance between ewes, divided 
by the total variance between and within ewes. Repeatability could also be 
calculated as the coefficient of correlation between the succeeding records made 
by the same animal (ewe) in the same herd. These two procedures, however, 
have almost the same sense. 
In this study, the repeatability of lambing average as calculated from the 
intra-class correlation is found to be 0.10 ± 0.027 for the continental ewes and 
0.073 ± 0.017 for the Texel Island ewes. The difference in the repeatability 
estimates between these two groups of ewes could be discussed on account of 
the expected lower genetic variability of the Texel Island group of sheep due to 
the fact that Texel Island is a closed sheep breeding area with bigger flock size 
(Texel Schapenstamboek in Noord-Holland, Jaarverslag 1957) and consequently 
a larger number of ewes per ram. Although there is some indication that the 
genetic variability between the Texel Island ewes might be less than that between 
the continental ewes, further investigation is needed to be sure of this. These low 
repeatability estimates of both groups of sheep indicate that the fertility in 
Texel sheep, as expressed by the number of lambs born per lambing, is largely 
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controlled by temporary environmental influence and that the ewe's individuality 
is not important in this respect. 
These results are in conformity with most if not all of the previous reports 
which all agree that the repeatability estimate of fertility in sheep is very low 
(JOHANSSON and HANSSON, 1943; DESAI and WINTERS, 1951a; MASON and 
DASSAT 1954 and KARAM, 1957). Nevertheless, SMIRNOV (1935) reported that the 
prolificacy in the Romanov sheep appeared to be an individual genetic character, 
and that ewes having singles, twins or triplets at their first lambing had averages 
of 1 89 2 15 and 2.65 for the number of lambs per birth at subsequent lambings. 
The' high tendency of the Romanov sheep to repeat their performance as 
reported by SMIRNOV (1935) might either be due to the permanent environmental 
effects having greatly contributed to this tendency or to the unusually high 
heritability of this trait in the Romanov breed. 
6. HERITABILITY ESTIMATES '.versus REPEATABILITY ESTIMATES 
The heritabilitv estimates (h2) of litter size were found to be 0.172 and 0.048 
J ^ l ^ o X T ^ n L L ewes and the Texel ^ ^ ^ 1 ^ 
computations on the first lambing for each ^ A ^ ^ ^ ^ ^ . 
whereas the corresponding (A2) estimates were 0.214 and <U»Owh n the com 
nutations were based on the first three lambings for b ^ ^ g h t e r ^ a n d dams 
(Table 17). Obviously the latter (tf) estimates are ^ ^ J ^ S n ^ S S 
because the more ftKngg*^ ™ £ Z Z Z ^ ^ ^ 
variance but leaves the genetic variance unchanged. ™ ^ ^ ™ S < £ 
accept the heritability estimates of litter size ^ S ^ f J ^ e t o i t t S 
mances of daughters and dams as a more reasonable e s ^ Z T ^ h V t c d ^ g h t J s 
of litter size in this material than when one lambing for each aaug 
and dams is concerned.
 f « f f ( , r « 7 e were found to be 0.10 and 0.073 
The repeatability (r) estimates of J J ^ ^ J . S ^ l y (see r estimates). 
for the continental ewes and T e x e 5 / ^ ^ S s l a n d ewes is higher than 
The repeatability estimate of litter size I o r J - ^ , _
 o f e w e s 
the heritability estimate based ™ < ™ ^ t e ™ £ Z L for the con-
whereas the reverse is found when c ° m P a n " g ™e
 t i n t e r p r e t because of 
tinental ewes. This latter unexpected ^ l ^ Z l ° n T Z n g e during its 
the fact that the individual's genetic c o n ^ ^ ^ - ^ j ^ computed 
life and therefore the repeatability of " ^ ^ S m t t S t o i t a b i H t y estimate 
in a certain period should be as large or ev e
 b f l i t e s t imate sometimes 
computed under the same conditions, as u. v That the heritability 
includes a variance due to P e « ^ e * OT™XbS estimate for the continental 
estimate of litter size is higher t han t h e ?uZ heritability (P) estimates based on 
ewes needs some explanation. Obviously, in
 p e a t ability (r) estimates 
3 lambings cannot be d i r e ^ ^ J * * ^ ™ ^ shou/d'therefore be 
because the former are based on three u. e ^
 F o f t h i s r e a s o n a n d i n 
corrected in order to become comparame WIL
 e s t i m a t e s o f l i t t e r s i z e to 
order to generalize the application of^the ner p a r a b l e
 tQ e x p r e s s t h e s e 
any ewe with different numbers ot ^ m u g ' ,
 h a d o n i y 0ne lambing 
estimates in terms of what they ^ ^ V R O Y and LORTSCHER (1956). 
record using the correction referred to by LE KUI ^ 
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This previously mentioned correction method was applied to the heritability 
estimates of litter size based on three lambings for both the continental and 
the Texel Island ewes and yielded a heritability estimate of 0.086 and 0.034 
respectively for the continental and the Texel Island ewes. These corrected 
heritability estimates are comparable to their corresponding repeatability 
estimates and agree with the logical pattern that the repeatability estimates 
of a certain trait under certain conditions should be as large or even larger than 
the heritability estimates computed under the same conditions. 
7. EFFECT OF SIRES 
The contribution of a male to the fertility of a certain population depends on 
physiological and hereditary factors. When discussing the effect of males on the 
total sum of fertility of a population it is necessary to specify the group of 
females of which we are discussing the effect of our male. For example, if we 
speak about the effect of a certain ram, this directs the discussion automatically 
towards the physiological side and towards the effect of this ram on the fertility 
of his matings. But speaking about a sire, will bring us to trace back his genetic 
influence on the fertility of his daughters. This previous discussion, though very 
simple and logical, should be mentioned here because some of the publications 
dealing with such a subject are not clear enough, especially when the term sire 
and ram are used. 
The early prevailing idea was that a ram capable to fertilize one ovum is 
capable to fertilize a hundred as well. Now this old view should be modified to 
some extent on account of the fact that the number of fertilized ova partly 
depends on the quality and quantity of the semen and on the time relationship 
between semen deposition in the female tract and the incidence of ovulation. 
Therefore, the effect of a ram on the fertility of his matings seems to rest mostly 
on physiological grounds and generally speaking it is controlled by environ-
mental factors. Still, it is of interest to ascertain whether the differences between 
rams in their efficiency to produce semen of a high quality is affected by heredity. 
The probable effect of a sire on the litter size of his daughters is mostly of a 
genetic origin. Although the sire cannot express this character himself, he is as 
responsible as the dam in transmitting it from his ancestors to his descendants. 
A sire superior in this respect is the one producing gametes of high merits 
concerning this trait. Anyhow, the sires do not seem to contribute much to the 
lambing ability of their daughters. This could be due to the fact that this trait is 
not highly heritable. In confirmation to this view are the results of JOHANSSON 
and HANSSON (1943), who found significant, though very small differences in 
fertility between groups of daughters from different sires. Further evidence of 
this is afforded by the findings of DESAI and WINTERS (1951b), who concluded 
that the sires within lines did not show significant differences in the lambing 
average of their selected daughters, but they thought that these insignificant sire 
effects are probably due to using selected material. 
In the present study, the effect of different sires on the lambing ability of their 
daughters was computed as the difference between sires with regard to the level 
of their daughter-dam regression lines. This study showed a highly significant 
effect of sires on the lambing ability of their daughters for the Texel Island ewes 
(considering first lambing and first three lambings) and for the continental ewes 
(first three lambings), whereas for the continental ewes (first lambing), it is just 
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non-significant. However, this sire effect seems to be contaminated to a certain 
extent by environmental effects as it is in this material somewhat confounded 
with the effect of farms. Therefore this effect, which is referred to in this material 
as sire effect, could be partly due to farm-to-farm differences; still the importance 
of sire in this respect is brought to bear. 
8. MATERNAL AGE EFFECT 
It is of some logic to accept that the age of dams could affect to some extent 
the productive efficiencies of their progeny. DESAI and WINTERS (1951b) found 
that the daughters born to dams when young produced more lambs than those 
born to mature dams. The biological background underlying this is that with the 
advance of age of any female from puberty to maturity there is a certain change 
in the endocrine functions which may have an intra-uterme effect on her 
offspring and which may last during their post-natal life and even may affect their 
productive efficiency. This holds true when some of the productive qualities of 
the offspring are concerned, but not for all productive qualities For instance 
the age of dam is expected to affect the birth weight and growth rate of the 
offspring rather than their fertility. . ,
 m . 
From this and other studies, it is found that the litter size of tomkmto 
increases with the advance in age of ewes. This means that the quantity born 
lambs improves. Now the question is whether the quality ( ^ g ^ ^ « J 
pect) of this increasing number of born lambs improves as well The best_way o 
perform such a study is to compare the fertility ^ ^ ^ " ^ J ? ^ 
the same parents at different ages. This was not possible b cause,of thejmd 
number of full-sibs available in our material -Moreover, iwe.had[had to 
sufficient number of full-sibs, we should have faced the J ^ ^ * J ^ ™ 
sibs being born in different years, which needs ^ ^ ^ f ^ ™ 1 6 ' 
ewes randomly related to each other were used in this V ^ f } ^ ^ ^ 
The results indicate that the fertility ofdaughters i s n o t ^ S t S s affected 
by many factors during the course of lite, me inITd m 
be one of them. But the full expression of fertility is a ^ ^ ' ^ S r a u S 
of life and the effect of the intra-uterine f ^ ^ f J ^ ^ ^ ^ Z 
by the other factors affecting fertility during the long period from 
puberty. 
9. LAMB PRODUCTS OF THE REGULAR BREEDER VERSUS THAT OF THE NON-
REGULAR BREEDER EWES 
The number of stud ewes giving birth ^ J ^ ^ ^ ^ ^ I 
of the total number of the herdbook ^ J ^ ^ ^ i t numbers of 
Noord-Holland). The rest of the W ^ ^ S g ^ p aborted in the 
lambings but not five successive ones. Somesheep o ^scarded from the 
course of their first lambing yean, g ^
 unsatisfactory general health 
flock early in their productive life when ™™*J{ ^ md m o t h e r i n g 
or productive inferiority concerning wool proauu 
a b i l i t y ' „
 f nF * and the different lambing years on the 
In studying the effect of age of ewe ana me
 i v e l a m b i n g s w e r e 
fertility of ewes, the data on ewes giving birtn TO ^ 
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used in order to avoid the further inorthogonality of the material. Now, in 
order to know whether the results obtained from such a study hold for the rest 
of the herdbook material, a comparison is performed between the fertility of 
ewes giving birth to 5 successive lambings and that of ewes giving birth to 
different numbers of lambing but not to 5 successive ones. This study is based 
on 2 batches of the continental ewes born respectively in 1950 and 1951 and all 
giving their first lambing as 2-year-old ewes. Each of these batches is dealt with 
separately as shown in table 30. The fifth lambing is omitted from both com-
pared groups because the data available for the group of ewes having different 
numbers of lambings but not 5 successive ones are too small. 
TABLE 30. Fertility of ewes having 5 successive lambings v. the fertility of the rest of the ewes (having 
different numbers of lambings but not 5 successive ones.) 
First batch. Ewes born in 1950 
3i
ng
 
g 
• J 
1st. 
2nd. 
3rd. 
4th. 
Ewes having S 5 
successive Lambings 
No . 
ewes 
182 
182 
182 
182 
x lambs 
bron 
1.79 
1.93 
1.99 
1.97 
x lambs 
srv. 
1.60 
1.82 
1.84 
1.77 
Rest of the ewes 
No . 
ewes 
517 
388 
235 
122 
x Iambs 
born 
1.76 
1.86 
1.91 
1.89 
x lambs 
srv. 
1.53 
1.65 
1.62 
1.58 
Second batch. Ewes born in 1951 
Ewes having ^ 5 succ. 
lambings 
No. 
ewes 
177 
177 
177 
177 
x lambs 
born 
1.81 
1.92 
2.02 
1.93 
x lambs 
srv. 
1.58 
1.76 
1.79 
1.71 
Rest of the ewes 
No . 
ewes 
907 
732 
472 
231 
x lambs 
born 
1.75 
1.89 
2.01 
1.89 
x lambs 
srv. 
1.56 
1.65 
1.71 
1.65 
From table 30 it is shown that the ewes giving birth to 5 successive lambings 
exhibit higher fertility as expressed by the mean number of lambs born and 
survived than the rest of the registered ewes. Nevertheless, the trend of change 
in fertility as previously expressed is almost the same for the two groups of 
sheep under comparison which indicates that the results and conclusions 
obtained from the studies based on the lambing performance of ewes giving 
5 successive lambings hold also to a great extent for all the herdbook material 
except when the mean number of lambs born or survived is discussed. 
The difference in lamb production between the two groups of sheep under 
this study amount to +0.09 lambs (born) and +0.17 lambs (srv.) for the batch 
of ewes born in 1950 and to +0.06 lambs (born) and 0.09 lambs (srv.) for the 
1951 batch, in favour of the group of ewes with 5 successive lambings. Apparently 
this difference is greater when the number of survived lambs and not that of 
born lambs per lambing and overall studied lambings is in concern. This 
indicates that selection might have been based on the number of lambs survived 
rather than on the number of lambs born. This comparison also leads to the 
fact that if the performance data of all registered ewes were used our values for 
the mean number of lambs born and survived should have fallen in between the 
corresponding values of the ewes having 5 successive lambings and the values 
based on the rest of the herdbook ewes. 
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CHAPTER V 
CONCLUSIONS 
Fertility of the Texel sheep as expressed by the number of lambs born or 
sundved per lambing is highly affected by the age of ewes The maximum 
Sity^asPprevSusly expressed is reached when the ewes are 4 or 5 years; old 
depend"^ on the studied" groups and on whether the ™ ^ ° J ^ J ^ ^ 
su^ived are considered. The knowledge about ^ ^ ^ T Z bree™ in 
of great importance in the sheep husbandry practice as it helps fetetenn 
estfmating the replacement rate in his flock so as to prevent as far as poss.ble the 
^ ^ C r J ^ ^ ^ give theirs ^ ^ ^ ^ % ^ 
under an extra physiological strain and consequents ^ ^ 4 ™ ^ 
.productivity especially ^ ™ £ j £ ^ ^ ^ ^ of 
deminishes with advance of age they reach ™e s a m e Tf
 t w o .y e a r .0 id 
the other ewes which were mated to f ^ ™ ^ ™ ^ Z* °r °Mer 
ewes. From this study we ^ f ^ ^ J S 3 > e more or less 
ewes are bred, the total number of lambs bomf °r ™ e f T h e b r e e d i n g 
the same for both ewes when they reach thenr fourth year o a g e l
 [on * 
of yearling ewes could even be advantageousas it. w akma oi e y 
the genitalia which helps to impair the &* f X ^ e d S s Kfa suggested in 
increases the chance of the ewes becoming « ^ b ^ ^ " ^ w f t o breed 
this respect that the breeder should try J 8 ^ « n ^ e w « M p o s » ^ ^ 
in their^first year because a ^ ^ ^ o T S ' f c e ewe should be con-
any subsequent year, but in tnis case 
sidered and flushing is recommended. lambing ability of ewes. 
The age effect is greater than the ^ ^ ^ ^ ^ Z s L m a i X B i 
The yeariing group of sheep "J?™™*^^ therefore the breeder 
%^JZ?JK£^*Z£A -cial attention UGder the 
U n ? r ^ 7 ^ ^ C ^ o 2 consideration when selecting ewes for 
^ h e C - f b i r t h of the sire, ^ ^ ^ e ^ a d — t ^ 
fertility of the three studiedI g r o u p s o f ^ ^ ^ I A » definite 
ewe is more pronounced than that of the *re ° r ™ l
 t cornpletely preclude 
or after correcting for such an effect multiple births among 
Because of the wide divergence in ™ Pjoducnon F
 C 
the various breeds of sheep it was thought that wrthm a certain ^ ^ 
part of the phenotypic expression of this trart J 1 ^ ^ J s s t a t e ment in the 
contrary, previous authors have ^ ^ S ^ t ^ ^ y small while that 
year 1924 (the hereditary element of twinning i p r o W >
 m o t h e r 
of environment is large) holds true. Moreover, studies o l t t e ^ ^ ^ ^ 
species have given ^^J^/^^^ilmf'^^i,etisam oflitter size in swme at 0.10-0.12. Also, IVOKKJVI
 v ^ 
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estimates for the twinning ability of different Scandinavian cattle breeds. It thus 
appears that heredity has a limited influence on the litter size of most farm 
animals. In this study, the low heritability estimates of litter size by the Texel 
breed in Noord-Holland denote that in the studied population the genetic 
variance of this trait is relatively low compared with the total variance which is 
most probably due to the high genetic homogeneity of the studied population 
concerning this trait. These low heritability estimates denote that the fertility of 
the studied population is easier improved by managemental means than by 
breeding methods and that if breeding methods are to be applied, emphasis 
should be placed on the aids to selection such as progeny and pedigree tests. 
In this study, sires varied in respect to the lambing ability of their daughters. 
This statement is rather encouraging, but before the use of progeny tests is 
justified, the variance between daughter groups of different sires should be freed 
from all possible environmental effects. Anyhow, it is suggested here that sires 
should also be selected from lines superior in their lambing ability. 
Lamb production is the most important economic product of the Texel sheep 
breed in the Netherlands, and wool production is a second consideration. Since 
the ultimate purpose of all livestock breeding is to attain a maximum rate of 
improvement with regard to the economic productive efficiency, each trait 
under selection should be ranked according to its economic importance, and 
their genetic correlation should be studied. Therefore, in order to attain this 
maximum economic productive efficiency from the Texel sheep it is necessary to 
study the genetic correlation between the lamb production and the wool produc-
tion so as to know whether the selection for the first will complement or neu-
tralize the second. This point falls outside the scope of this investigation, but 
should be studied because of the increasing importance of wool industries in the 
Netherlands. 
SUMMARY 
This study was based on the lambing records of the Texel sheep Herdbook 
in the province of Noord-Holland, which is the most important sheep breeding 
area in the Netherlands. The Texel sheep Herdbook comprises the stud sheep 
of the continental part of Noord-Holland and the stud sheep of Texel Island 
as well. 
The purpose of this investigation was: 
I. To study the effect of age of ewes and the different lambing years on the 
fertility of these ewes as expressed by the number of lambs born per 
lambing and by the number of lambs survived (from birth till the age of 
two months). 
II. To ascertain whether there is a difference in the fertility of ewes bred for 
the first time at the age of ± 7.0-9.0 months or ± 19.0-21.0 months. 
III. To find out how far the litter size in the studied Texel group of sheep could 
be heritable by means of the following studies: 
a. The effect of type of birth of sire, dam and ewe on the fertility of ewes. 
b. Estimating the heritability of litter size. 
c. The effect of sires on the fertility of their daughters. 
d. Estimating the repeatability of litter size. 
IV. To study the maternal age effect on the fertility of ewes. 
These studies led to the following: 
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The age of ewes has a highly significant effect on the number of lambs bom 
or survived per lambing. The number of lambs born or survived increases with 
advance of age of ewes, reaching a maximum at the age of 4-5 yrs, depending 
on the studied group of sheep, and then decreases. 
The effect of the different lambing years on the fertility of ewes is considerably 
less than the effect of age of ewes. It was alsc> found that _the• year-tojear 
fluctuations in environment have a more noticeable effect on the fertihty of the 
Texel Island group than that of the continental, 2-year-old group and that he 
continental yearling group seems to be more sensitive to this effect than the 
continental two-year-old group. , .» 
Mating the maiden ewes to give their first lambmg at toage ofaboutU 
months puts them under an extra physiological strain, which resuhs m thei 
inferior reproductive efficiency at the first lambmgs compared with toewe 
mated to yield their first lamb crop when about 24 month old Ontheother 
hand, owing to their higher rate of increase in lambing abi i * j i f c * ^ c e ™ 
age the total number of lambs born to both groups at the age ° f 4 £ f " j £ ^ 
intensity of their effect (as denoted by the tests of ^ ^ ] ^ ^ 
than the type of birth of sire or dam. .,
 m p t h n H u s e d t o estimate 
The intra-sire regression of daughter on dam was ^ ^ ^ ^ ^ 
the heritability of litter size in two types 5 ™ ™ ' ~ y f i l ™ ^ b i n g record! 
of daughters and their dams each * ? ^ ™ ' ^ £ ^ Z g * £ t first 
and the other material consisting of daughters andto; : d a m s n a g 
successive three lambing records. All « \ u s ^ n . J ; E based on the 
old at the time of t h e i r - t o t - ^ ^ ^ ^ S S f ^ ^ ^ y for 
first material was found to be 0.172± 0.1B8 a M " . u ™ i
 d material the 
the continental ewes and the Texel Island ewes and for tosecond^ ^ 
heritability estimates were 0.214 ±.°-"?. ^ h . l „ " ^ t e r m s of one lambing 
of respect. Expressing the ,last ^ ^ ^ ^ ^ "mates comparable 
record in order to generalize the r a p p h c a ^ X l t e M > m e s t i m a t e s w e r e 
to the repeatability, we found that the cprrecrea iic , 
0.086 and 0.034 respectively for the continental group and the 
group of sheep. ' t w the reoeatability estimates of Utter 
. Using the intra-class ^ f ^ ^ m ^ S S t the continental ewes 
size were found to be 0.10 ± U.uz/ anu u.v/-> ZL. 
and the Texel Island ewes respectively daughters. But in this 
The sires differed in respect to the fertihty of he r daug ^ ^ 
study, this sire effect is confounded withi other ^ t o r ^ m ° e J e e n s i r e s i n this 
farm effect. However, this highly sigmficaJt differsace**wee ^
 m t b j s 
respect could bring into light the importance of the sire m tran 
character to his daughters. . „ „ _ _ _ J there was no significant 
As far as the material used in this study ^ o n c e ™ e d - t h e r e w a S g 
maternal age effect on the lambing ability of the ewes. 
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SAMENVATTING 
Bij dit onderzoek is uitgegaan van gegevens van het Texelse schapenstam-
boek. Zowel dieren afkomstig van het vastelandgedeelte van de provincie 
Noord-Holland als van Texel zijn hierbij betrokken geweest. 
In Noord-Holland is het de gewoonte, dat de ooien voor het eerst op een 
leeftijd van twee jaar lammeren. Ze zijn dan 19-21 maanden oud gedekt. In de 
jaren 1946, 1947, 1948 en 1952 is op het vasteland van Noord-Holland echter 
bijna de helft van de geregistreerde ooien op een leeftijd van 7-9 maanden ge-
dekt, zodat zij voor het eerst op eenjarige leeftijd lammeren kregen. Het gevolg 
hiervan is, dat het onderzochte materiaal in 3 groepen kan worden ingedeeld: 
ooien van het eiland Texel bij de eerste worp twee jaar oud1); ooien van het 
vasteland bij de eerste worp een jaar2); respectievelijk twee jaar oud3). 
Het doel van dit onderzoek is geweest: 
I. De invloed van de leeftijd van de ooien op de worpgrootte na te gaan en 
tevens welke invloed de verschillende jaren op de worpgrootte hadden. 
II. Te onderzoeken of er een verschil in vruchtbaarheid bestond tussen de 
ooien die voor het eerst ± 7-9 maanden oud - en die welke voor het eerst 
± 1 9 maanden oud zijn bevrucht. 
III. Na te gaan in hoeverre het werpen van een, twee of meer lammeren per 
geboorte erfelijk is bepaald. Dit is op de volgende wijze geschied: 
a. Onderzocht is of het aantal lammeren dat een ooi per worp brengt, ook 
verband houdt met het feit of de vader, de moeder of de ooi zelf geboren 
is als eenling, tweeling of drieling. 
b. De erfelijkheidsgraad van de worpgrootte te berekenen. 
c. De invloed van de ram op de worpgrootte van zijn dochters te onder-
zoeken. 
d. De "repeatability" van de worpgrootte te berekenen. 
IV. Na te gaan of er verschil is in vruchtbaarheid tussen de lammeren die uit 
een jonge- en die welke uit een oude moeder zijn geboren. Dit onderzoek 
is om verschillende reden gedaan. Ten eerste is een verschil in vruchtbaar-
heid tussen deze groepen niet zo onwaarschijnlijk als wij bedenken dat de 
worpgrootte bij jonge schapen anders is dan bij ouderen. Dit zou ook zijn 
invloed kunnen hebben op de zich ontwikkelende vrucht. Ten tweede heeft 
men gemeend een duidelijk verschil als hier bedoeld bij een onderzoek 
verricht in de Verenigde Staten, aan te kunnen tonen. 
De leeftijd van de ooien had een zeer significante invloed op het aantal 
geboren en grootgebrachte lammeren per geboorte (tabel 6). Het aantal geboren 
en grootgebrachte lammeren neemt met het stijgen van de leeftijd van de ooien 
toe en bereikt een maximum op een leeftijd van 4-5 jaar (voor de drie groepen 
verschillend) om daarna weer af te nemen (fig. 1-3, 9-11). 
Deze toename van het aantal geboren lammeren per worp met het stijgen van 
de leeftijd der ooien, is alleen aan de toename van het aantal twee- of drielingen 
in de opeenvolgende geboorten toe te schrijven. Het gust blijven van een groter 
of kleiner aantal dieren heeft hierbij geen rol gespeeld. Het toenemen van de 
worpgrootte bij het ouder worden is fysiologisch te verklaren door het feit, dat 
met het stijgen van de leeftijd der ooien van de puberteit tot het volwassen 
*) in 't vervolg: "Texel twee jaar oud". 
2) in ' t vervolg: "Vasteland een jaar oud". 
3) in ' t vervolg: "Vasteland twee jaar oud". 
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stadium, e, e«„ geleidelijke ™ ^ ^ £ £ ~ g £ £ £ ! « £ ftmklionerende eierstokken plaats vmdt D.moet aan^decern g * ^ 
aanzienlijk geringer da- de leefhj tovtoed (label 6>Jven en • o p I _• 
dat de milieuinvloeden op de vruchtbaarheid " ^ " ^ ^ J M , , 
- t e d ' - i a a r oud". « • " * = [ JTSchTen « . A S u , . he. feit da. de 
S^t/d^^^ 
verzorging veroorzaakt. wft;;,!
 vf,n 4- 7-9 maanden worden 
Wanneer de ooien voor het eerst op een^  eeftyd
 w ± / » * ^ 
gedekt, worden zij in fysiologische zm extra b ^ " / ^ o ^ t e
 v a n hun 
houding tot de andere groep, gemiddeld M e m e W p t ) J |
 t o e n a m e 
eerste lammeren. Daar staat tegenover, d a t t e j g w l g ^ w ^
 v i e r . 
van het aantal lammeren bij het. ouder worden o p ^ ^ e J ^ ^ 
beide groepen weer ongeveer gehjk zgj^ f ^ ^ S e ooien voor het eerst 
aanbevelingverdienenommelkgeva^
 d e m i n d e r g o e d o n t . 
op een leeftijd van acht maanden te dekKen, en 
wikkelde later. , • _
 7 ;m groter voor de groep De verschillen in worpgrootte ^ " ^ . ^ S b S i d S c e j a a r oud". 
"Vasteland een jaar oud" dan voor de groep Vastdand w j ^ ^ ^ 
Uit het onderzoek is tevens geb eken dat het am ^ ^ ^ ^
 h e t fclt 
brengt, slechts in zeer geringe mate meae j o o ^
 u f d r i e l i n g i s geboren 
of de vader, de moeder of de 001 zelf als' ^ S S S J U n deze factoren iets 
(tabel 10, 12). Dit sluit niet ^fj^^"doen vermoeden- Voor dit deel groter is dan de uitkomsten van ons onderzoeKao• ^ ^ ^ ^
 w o r d e n 
van het onderzoek moest namelijk met een vr j ^ B
 m a a k t 
gewerkt, hetgeen de betrouwbaarheid v ^ r ^ . ^ T e S t u d e r e n isuagegaan welk 
Om de erfelijkheidsgraadvan de wo pgrootte te *» t t ^ ^ ^ ^ ^ 
verband er bestaat tussen de worp^ootte van de m ^ ^ . ^ ^
 y a n h t 
(regressie tussen worpgrootte van d ° c h e ' S , e ^ ° n
 afstammende van de zelfde 
bedrijf uit te schakelen werden f^f^ZZSdTcen ram sleehts op een 
^ w ^ a k B B T y t r f f ) ^ ^ ^ ^ ^ ^ ^
 d e gegevens van de 
bedrijf, soms op twee: bednjven dens . i ce t HK: ^ ^ ^ ^
 g £ g e v e n s 
dochters en hun moeders van de eerste worp
 B 
van de eerste drie worpen (tobe113).
 o n d e r z 0ek waren 2 jaar oud toen ze 
Al de ooien gebruikt voor dit deel van nei on 
voor het eerst lammeren kregen. - berekend uit de 
De erfelijkheidsgraad van de worpgrootte op a J
 reSpectievelijk de 
eerste worp bedroeg 0,172 ±0,188 en 0,048 ± ^ ^
 g e v a l ( e e r s t e drie 
ooien van het vasteland en die van lexei. m Wanneer deze 
worpen) waren deze cijfers 0,214 ± O'1™ eJL„'omg rekend werden tot een laatste erfelijkheidsgraden van de dne gd,oo ten omg ^ ^
 Q m e t 
geboorte dan zijn deze 0,086 en °>03*;™lg?*
 welke te vergelijken zijn 
elkaar te kunnen vergelijken en waarden te verkrygen 
met de repeatability. 55 
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Voor de repeatability van de worpgrootte werd berekend 0,10 ± 0,027 voor 
Noord-Holland en 0,073 ± 0,017 voor Texel. 
De gevonden geringe erfelijkheidsgraad voor de worpgrootte van net Texels 
schapenras in Noord-Holland, wijst erop, dat in de bestudeerde populatie de 
genetische variabiliteit voor deze eigenschap verhoudingsgewijs laag is ver-
geleken met de totale variabiliteit. Waarschijnlijk wordt dit veroorzaakt door de 
sterke homogeniteit van het onderzochte materiaal voor deze eigenschap. De 
lage erfelijkheidsgraad wijst erop dat de vruchtbaarheid gemakkelijker kan 
worden opgevoerd door de verzorging te verbeteren dan door foktechnische 
maatregelen. Van individuele selektie van de dieren op vruchtbaarheid is in elk 
geval weinig succes te verwachten. Aanwijzingen verkregen door het afstamme-
lingen onderzoek kunnen daarentegen wel van belang zijn. 
Er bleek in ons materiaal inderdaad een duidelijk verschil in worpgrootte te 
bestaan tussen de groepen dochters afstammende van verschillende rammen, 
maar bij dit onderzoek is de invloed van de vaders door andere factoren ver-
troebeld. Tot deze laatste moeten hoofdzakelijk de bedrijfsinvloeden (voeding 
en verzorging) gerekend worden. Toch brengt het zeer significante verschil in 
vruchtbaarheid tussen de dochtergroepen het belang van de vaders, om deze 
eigenschap over te dragen op de dochters, naar voren. 
Uit dit onderzoek is niet gebleken dat er een verschil in vruchtbaarheid be-
staat tussen de ooien geboren uit een jonge moeder en die geboren uit een oude 
moeder. 
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APPENDICES 
APP. 1. Effect of age and year assuming interaction age/year based on 
model I. (continental yearlings) 
Factors 
& i 
a2 
&3 
a4 
&5 
P. 
P* 
k 
k 
k 
k 
k 
P\ 
P\ 
P\o 
p\. 
a 
b 
c 
d 
e 
V-
B. 
-0.4018 
-0.0117 
+0.1478 
+ 0.1664 
+0.0995 
+0.0307 
-0.0279 
-0.1237 
-0.0318 
-0.0357 
+0.0374 
+0.1337 
-0.2272 
-0.0117 
+0.2197 
+0.0365 
-0.0219 
- 0.0072 
+0.0265 
+0.0128 
- 0.0228 
1.8222 
Srv. 
-0.3767 
+0.0189 
+0.1815 
+0.1757 
+ 0.0006 
- 0.0456 
-0.1220 
-0.1065 
-0.0213 
+0.0778 
+0.0912 
+0.0739 
-0.1408 
-0.1784 
+0.1191 
+0.2526 
-0.0116 
- 0.0444 
+ 0.0529 
+0.0848 
+0.0055 
1.5802 
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APP. 2a. Continental yearling ewes - The differences between the observed (0) and computed 
(C) estimates of the effect of age and year on the number of lambs born 
Continental, yearlings (b.) 
Birth 
year 
of ewes 
'45 
'46 
'47 
'48 
Lambing Years 
'46 
0 
'47 
+ 0.02 
-0.02 
'48 
-0.03 
+0.03 
0.00 
'49 
+0.03 
+0.01 
-0.04 
'50 
+0.01 
-0.02 
+0.01 
'51 
+ 0.01 
-0.01 
'52 
-0.01 
+ 0.08 
'53 
0 
'54 
0 
'55 
0 
'56 
0 
APP. 2b. Continental 2 yrs. old ewes - The differences between the observed (0) and computed 
(C) estimates of the effect of age and year on the number of lambs born 
Continental, two years old (b.) 
Birth 
year 
of ewes 
'45 
'46 
'47 
'48 
'49 
'50 
'51 
Lambing Years 
'47 
0 
'48 
+ 0.07 
-0.04 
'49 
-0.02 
-0.01 
+0.02 
'50 
+0.07 
+0.02 
-0.05 
0.00 
'51 
+0.07 
+0.01 
0.00 
-0.02 
-0.01 
'52 
0.00 
+0.04 
-0.01 
+0.02 
-0.03 
'53 
-0.06 
-0.06 
+0.03 
+ 0.02 
+0.04 
'54 
+0.01 
+0.02 
-0.01 
-0.01 
'55 
+ 0.03 
-0.03 
0.00 
'56 
-0.02 
+0.03 
'57 
0 
APP. 2c. Texel Island 2 yrs. old ewes - The differences between the observed (0) and computed (C) 
estimates of the effect of age and year on the number of lambs born. 
Texel, 2 yrs. old (b.) 
Birth 
year 
of ewes 
'44 
'45 
'46 
'47 
'48 
'49 
'50 
'51 
Lambing Years 
'46 
0 
'47 
+ 0.18 
-0.04 
'48 
+0.20 
-0.04 
0.00 
'49 
-0.08 
-0.01 
+0.05 
-0.03 
'50 
-0.03 
-0.08 
+0.03 
+0.01 
+0.02 
'51 
-0.03 
-0.01 
+0.01 
0.00 
+0.02 
'52 
+0.01 
-0.05 
+0.06 
+0.01 
-0.02 
'53 
+0.02 
+0.01 
-0.05 
-0.01 
+0.05 
'54 
+0.02 
+0.04 
0.00 
-0.07 
'55 
+0.01 
+0.04 
-0.06 
'56 
-0.02 
+0.03 
'57 
0 
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APP. 3a. Continental yearling ewes - The differences between the observed (0) and computed 
(C) estimates of the effect of age and year on the number of lambs survived 
Continental, yearlings (srv.) 
Birth 
year 
of ewes 
'45 
'46 
'47 
'48 
Lambing years 
'46 
0 
'47 
0.00 
0.00 
'48 
-0 .03 
+0.05 
-0 .02 
'49 
-0 .04 
+ 0.09 
-0 .05 
'50 
+ 0.06 
+0.01 
-0 .06 
'51 
-0 .02 
+0.02 
'52 
-0 .03 
+0.16 
'53 
0 
'54 
0 
'55 
0 
'56 
0 
APP. 3b. Continental 2 yrs. old ewes - The differences between the observed (O) and computed 
(C) estimates of the effect of age and year on the number of lambs survived. 
Continental, two years old (srv.) 
Birth 
year 
of ewes 
'45 
'46 
'47 
'48 
'49 
'50 
'51 
Lambing Years 
'47 
0 
'48 
0.00 
0.00 
'49 
+0.02 
- 0 . 0 2 
+ 0.01 
'50 
+0.07 
0.00 
-0 .05 
+0.01 
'51 
+0.05 
0.00 
-0 .06 
0.00 
+0.43 
'52 
- 0 . 0 9 
+0.03 
0.00 
+ 0.04 
-0 .01 
'53 
+0.01 
0.00 
+ 0.01 
0.00 
-0 .03 
'54 
0.02 
-0 .00 
+0 .02 
0.00 
'55 
+0.05 
- 0 . 0 4 
0.00 
'56 
0.00 
0.00 
'57 
0 
APP. 3c. Texel Island 2 yrs. old ewes - The differences between the observed (0) and computed (C) 
estimates of the effect of age and year on the number of lambs survived 
Texel, two years old, (srv.) 
Birth 
year 
of ewes 
'44 
'45 
'46 
'47 
'48 
'49 
'50 
'51 
Lambing Years 
'46 
0 
'47 
+0.06 
-0 .01 
'48 
+0.08 
- 0 . 0 2 
0.00 
'49 
+0.01 
-0 .05 
+0.11 
-0 .08 
'50 
0.00 
- 0 . 1 2 
+0.03 
+0.01 
+0.05 
'51 
- 0 . 0 5 
- 0 . 0 3 
+ 0.02 
+ 0.02 
+0 .03 
'52 
-0 .03 
- 0 . 0 2 
+0.06 
+0 .02 
- 0 . 0 2 
'53 
+0.06 
-0 .01 
-0 .01 
-0 .05 
+0.03 
'54 
+0.04 
+0.07 
- 0 . 0 2 
-0 .11 
'55 
-0 .01 
+0.03 
-0 .03 
'56 
- 0 . 0 2 
+0.02 
'57 
0 
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APP. 4. Analysis of covariance testing the differences in the slopes of regression for the 
different sires 
Source of variation Mean squares 
0.26 
0.22 
0.26 
0.81 
0.73 
0.82 
0.26 
0.29 
0.25 
0.94 
1.05 
0.92 
d.f. 
1257 
111 
1146 
1288 
117 
1171 
465 
72 
393 
520 
82 
438 
a. Texel Island (1st lambing) 
Within groups, pooled regressions 
Differences between slopes 
Deviation from individual regressions 
b. Texel Island (first three lambings) 
Within groups, pooled regressions 
Differences between slopes 
Deviation from individual regressions 
c. Continental (1st lambing) 
Within groups, pooled regressions 
Differences between slopes 
Deviation from individual regressions 
d. Continental (first three lambings) 
Within groups, pooled regressions 
Differences between slopes 
Deviation from individual regressions 
0.88 
0.70 
0.20 
0.28 
APP. 5. Analysis of covariance testing the differences in the levels of regression lines for 
different sires 
Source of variation 
a. Texel Island (1st lambing) 
Deviations from the total regressions 
Differences between levels of sires 
Within groups of sires, pooled regressions 
b. Texel Island (first 3 lambings) 
Deviations from the total regressions 
Differences between levels of sires 
Within groups of sires, pooled regressions 
c. Continental (1st lambing) 
Deviations from the total regressions 
Differences between levels of sires 
Within groups of sires, pooled regressions 
d. Continental (first 3 lambings) 
Deviations from the total regressions 
Differences between levels of sires 
Within groups of sires, pooled regressions 
Mean squares 
0.28 
0.52 
0.26 
0.98 
2.92 
0.81 
0.26 
0.31 
0.25 
1.01 
1.47 
0.94 
d.f. 
1368 
111 
1257 
1405 
117 
1288 
537 
72 
465 
602 
82 
520 
P 
< 0.0001 
<0.0001 
0.08 
0.001 
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